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Abstract 
A distinct lack of trip generation data for use in Transport Impact Assessments 
(TIAs) in Australia leads to potentially inaccurate results when evaluating new land 
development proposals; even though a large number of previous studies and research 
efforts have been undertaken worldwide. Assessing the impact of the new development 
on public transport, the pedestrian network and bikeways as well as the effect of trip 
chaining behaviour are also challenging when undertaking Australian TIAs. Independent 
variables currently available for trip generation estimation are not able to create robust 
outcomes. Hence, this research attempts to develop a combined model of trip generation 
and mode choice with the consideration of trip chaining effects, based on socio-
demographic and urban form variables. 
A review of the current literature of Trip Generation Models (TGMs), Mode 
Choice Models (MCMs), and trip chaining behaviour in this study has revealed that 
chaining of trips has direct effects on both trip generation and mode choice. The 
complexity of a tour has a negative influence on the choice of using mass transit, while it 
has a positive impact on the probability of choosing auto. As a result, trip generation 
estimation for use in Transport Impact Assessment (TIA) should be adjusted under the 
trip chaining phenomenon. The literature also shows that (multiple) regression analysis 
is the only modelling structure that can be feasibly applied for TGMs, MCMs and trip 
chaining models. Similarly, socioeconomic, demographic and urban form characteristics 
are influential in all of the trip generation, mode choice, and trip chaining stages. 
Consequently, it was decided to employ a multiple regression approach for the model 
development to adopt socioeconomic, demographic, and urban form indicators as 
independent variables.  
In addition, the literature discusses that the most important source related to trip 
generation in Australia is the New South Wales Roads and Traffic Authority (RTA) 
Guide to Traffic Generation Developments (The New South Wales Roads and Traffic 
Authority 2002). The small size of the RTA database, together with its limited land use 
types and outdated information, may lead to the conclusion that there is a paucity of data 
related to trip generation estimation for use in TIAs in Australia. Therefore, an online 
survey was conducted for this research to investigate the views and experiences of 
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Australian traffic and transport professionals about trip generation and its interaction 
with trip chaining, as well as the land use types most affected by the trip chaining 
phenomenon.  
Findings from the online survey show that trip chaining effects should be 
recognised appropriately for trip generation estimation, particularly for child care centres 
and schools, as well as for retail and commercial land uses. The survey results also 
identified the most prevalent land uses subject to trip chaining in terms of TIA. The 
results from the survey also lead to the selection of the child care centre land use 
development type for model development. The other important finding from this survey 
was that Australia is suffering from a shortage of the data reflecting trip generation for 
use in TIA, as a consequence of various circumstances. The results of the survey suggest 
that Australia should move toward establishing a National Trip Generation Database 
(NTGD) with a centralised responsible organisation for collecting and publishing trip 
generation data. 
According to the literature reviewed and the online survey, twelve multiple 
regression equations were developed for the Long Day Care Centre (LDCC) land use 
development type within the metropolitan region of Hobart, Australia, in order to 
estimate the hourly trip generation of LDCCs for the morning peak period. The 
independent variables to the model were a function of socioeconomic, demographic and 
urban form related indicators, while trip generation per unit of the site indicator 
associated with a mode of transport was used as the dependent variable for model 
development. Another twelve models were also developed based on the commonly used 
method for trip generation estimation for use in TIAs, in order to evaluate the 
performance of the above-mentioned models. The trip generation estimates from each 
model were then compared with the actual trip generation data to evaluate which, of the 
proposed new approach for modelling trip generation or the models that are based on the 
currently used method of trip generation estimation, will lead to more accurate results 
that are closer to reality. 
Findings from this research show that the proposed new method for modelling 
trip generation provides enhanced performance, while the models based on the 
conventional method present acceptable results in some cases. The results from this 
research show that the proposed new approach is able to reflect the impact of 
socioeconomic, demographic and urban form differentiations among suburbs upon trip 
generation estimation. The outcomes of this research also demonstrate that each mode of 
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transport has its own best fitted independent variables associated with socioeconomic, 
demographic and urban form related indicators. 
This research is significant in that it introduces a new method for modelling trip 
generation, which is able to provide a suitable tool to examine each variable’s sensitivity. 
The methodology of this research can be transferred to other transport modelling 
endeavours and the variables can be used as traffic/transport attributes in other traffic and 
transport-related studies. From a practical point of view, the proposed approach can 
provide relatively better results in terms of trip generation estimation for new land 
developments, which will contribute to saving considerable time and budget in terms of 
providing data related to trip generation. However, policies, standards and guidelines 
associated with the preparation of TIAs need to be amended to allow practitioners to use 
this new method for trip generation estimation for use in TIAs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page vi 
 
 
 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page vii 
Table of Contents 
Keywords ................................................................................................................................................. i 
Abstract .................................................................................................................................................. iii 
Table of Contents .................................................................................................................................. vii 
List of Figures ........................................................................................................................................ ix 
List of Tables ......................................................................................................................................... xi 
List of Abbreviations ............................................................................................................................ xiii 
Statement of Original Authorship ......................................................................................................... xv 
Acknowledgements ............................................................................................................................. xvii 
Publications from This Research .......................................................................................................... xix 
CHAPTER 1:  INTRODUCTION .................................................................................................. 1 
1.1 Background .................................................................................................................................. 1 
1.2 Research Problem ........................................................................................................................ 2 
1.3 Research questions ....................................................................................................................... 5 
1.4 Research Plan ............................................................................................................................... 6 
1.4.1 Research aim .................................................................................................................... 6 
1.4.2 Objectives ......................................................................................................................... 6 
1.4.3 Case Study ........................................................................................................................ 7 
1.4.4 Research Method ............................................................................................................. 7 
1.4.5 Research Framework ........................................................................................................ 9 
1.5 Thesis Outline ............................................................................................................................ 12 
CHAPTER 2:  LITERATURE REVIEW .................................................................................... 15 
2.1 Travel Demand Forecasting Model ............................................................................................ 15 
2.1.1 Trip Generation Models .................................................................................................. 18 
2.1.2 Mode Choice Model ....................................................................................................... 23 
2.2 Trip Chaining ............................................................................................................................. 27 
2.2.1 Trip Generation and Trip Chaining Interaction ............................................................... 32 
2.2.2 Mode Choice and Trip chaining interaction .................................................................... 34 
2.3 Conclusion ................................................................................................................................. 36 
CHAPTER 3:  STAKEHOLDER ORGANISATIONS SURVEY ............................................... 39 
3.1 Background ................................................................................................................................ 39 
3.2 Trip Generation Databases ......................................................................................................... 40 
3.3 Stakeholder Organisations Survey ............................................................................................. 42 
3.4 Survey Methodology .................................................................................................................. 43 
3.5 Survey Results ........................................................................................................................... 44 
3.5.1 Participants’ Demography .............................................................................................. 44 
3.5.2 Trip Generation Data ...................................................................................................... 48 
3.5.3 Trip Generation Rates and Methods .............................................................................. 55 
3.5.4 Trip Chaining Effects ....................................................................................................... 57 
3.6 Conclusion ................................................................................................................................. 60 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page viii 
CHAPTER 4:  MODEL STRUCTURE AND DATA COLLECTION ........................................ 63 
4.1 Scope of the Model .................................................................................................................... 63 
4.2 Land Use Type Selection ........................................................................................................... 64 
4.2.1 Definition of Child Care Centre ....................................................................................... 64 
4.2.2 Child Care Centre’s Indicators ........................................................................................ 65 
4.3 Model Structure ......................................................................................................................... 66 
4.4 Data Collection ........................................................................................................................... 70 
4.4.1 LDCC’s Characteristics .................................................................................................... 72 
4.4.2 Trip Generation Data ...................................................................................................... 73 
4.4.3 Mode of Transport and Trip Chaining Data .................................................................... 74 
4.4.4 Socioeconomic and Demographic Indicators ................................................................. 80 
4.4.5 Urban Form Indicators .................................................................................................... 84 
4.5 Model Variables ......................................................................................................................... 86 
4.5.1 Dependent Variables ...................................................................................................... 86 
4.5.2 Independent Variables ................................................................................................... 87 
4.6 Summary .................................................................................................................................... 89 
CHAPTER 5:  MODEL CALIBRATION .................................................................................... 91 
5.1 Methodology .............................................................................................................................. 91 
5.2 Variables’ Configuration ........................................................................................................... 94 
5.3 Model Calibration ...................................................................................................................... 96 
5.3.1 Private Car Trip Generation per Staff (TGps) ................................................................... 97 
5.3.2 Private Car Trip Generation per Child (TGpc) ................................................................ 101 
5.3.3 Public Transport Trip Generation per Staff (TGts) ......................................................... 105 
5.3.4 Public Transport Trip Generation per Child (TGtc) ........................................................ 109 
5.3.5 Cycling Trip Generation per Staff (TGbs) ....................................................................... 113 
5.3.6 Cycling Trip Generation per Child (TGbc) ....................................................................... 117 
5.3.7 Walking Trip Generation per Staff (TGws) ..................................................................... 121 
5.3.8 Walking Trip Generation per Child (TGwc)..................................................................... 125 
5.4 Additional Model Development .............................................................................................. 129 
5.4.1 Active Transport Trip Generation per Staff (TGas) ........................................................ 129 
5.4.2 Active Transport Trip Generation per Child (TGac) ....................................................... 133 
5.4.3 Non-car Transport Trip Generation per Staff (TGns) ..................................................... 137 
5.4.4 Non-car Transport Trip Generation per Child (TGnc)..................................................... 141 
5.5 The Proposed New Method Compare to the Conventional Method ........................................ 145 
5.6 Summary .................................................................................................................................. 148 
CHAPTER 6:  CONCLUSION .................................................................................................. 149 
6.1 Summary of this Thesis ........................................................................................................... 149 
6.2 Contributions to Knowledge .................................................................................................... 151 
6.3 Limitations ............................................................................................................................... 152 
6.4 Research Significance .............................................................................................................. 154 
6.5 Recommendation for Future Research ..................................................................................... 156 
BIBLIOGRAPHY ....................................................................................................................... 159 
APPENDICES ............................................................................................................................ 167 
Appendix A: Stakeholder Organisations Survey Questionnaire ............................................... 167 
Appendix B: Mode Choice and Trip Chaining Survey Questionnaire ....................................... 172 
 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page ix 
List of Figures 
Figure 1.1. A supposed city subdivision and the related table of indices ............................................... 5 
Figure 1.2. Framework of the research ................................................................................................... 9 
Figure 2.1. Structure of four-step model (Khan, Ferreira et al. 2006). ................................................. 17 
Figure 2.2. Relationship among variables, models, and trip generation estimation. ........................... 21 
Figure 2.3. Relationship among variables, models, and modal split stage. .......................................... 27 
Figure 2.4. Relationship among variables, models, and trip chaining study. ........................................ 32 
Figure 2.5. The overall effect of trip chaining on trip generation and mode choice. ............................ 36 
Figure 2.6. Identical model structure accepted for creating a combined trip generation, mode choice, 
and trip chaining model................................................................................................................ 37 
Figure 2.7. Identical independent variables for use in a combined trip generation, mode choice, and 
trip chaining model. ..................................................................................................................... 38 
Figure 3.1. Participants’ highest degree (Question 1) ........................................................................... 45 
Figure 3.2. Participants’ current/more recent positions (Question 4) .................................................. 46 
Figure 3.3. Respondents’ Work Experience (WE) in the transport profession (Question 6) ................. 47 
Figure 3.4. Presence of data shortage for trip generation (Question 7) ............................................... 49 
Figure 3.5. Main reasons behind trip generation data deficiency (Question 8) ................................... 49 
Figure 3.6. The appropriateness of a NTGD (Question 9) ..................................................................... 50 
Figure 3.7. The way which NTGD produce accurate and reliable results (Question 10) ....................... 50 
Figure 3.8. The necessity of a responsible organisation for trip generation data collection (Question 
11)................................................................................................................................................. 51 
Figure 3.9. Possible limitations for NTGD establishment (Question 12) ............................................... 52 
Figure 3.10. Suggested solutions for NTGD establishment (Question 13) ............................................ 53 
Figure 3.11. Respondents’ willingness to participate in an Australian NTGD (Question 14) ................ 54 
Figure 3.12. Respondents’ ability to participate in an Australian NTGD (Question 15) ........................ 54 
Figure 3.13. Respondents’ main sources for trip generation estimation in a TIA (Question 16) .......... 55 
Figure 3.14. Biases in TIA results from other countries’ TGRs (Question 17) ....................................... 56 
Figure 3.15. Biases in TIA results from other Australian cities’ TGRs (Question 18) ............................. 57 
Figure 3.16. Trip chaining effects on trip generation estimation (Question 20) ................................... 59 
Figure 5.1. LDCCs’ private car trip generation based on the number of staff ..................................... 100 
Figure 5.2. LDCCs’ private car trip generation based on the number of children ............................... 104 
Figure 5.3. LDCCs’ public transport trip generation based on the number of staff ............................ 108 
Figure 5.4. LDCCs’ public transport trip generation based on the number of children ...................... 112 
Figure 5.5. LDCCs’ bicycle trip generation based on the number of staff ........................................... 116 
Figure 5.6. LDCCs’ cycling trip generation based on the number of children ..................................... 120 
Figure 5.7. LDCCs’ walking trip generation based on the number of staff.......................................... 124 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page x 
Figure 5.8. LDCCs’ walking trip generation based on the number of children ................................... 128 
Figure 5.9. LDCCs’ active transport trip generation based on the number of staff ............................ 133 
Figure 5.10. LDCCs’ active transport trip generation based on the number of children .................... 137 
Figure 5.11. LDCCs’ non-car transport trip generation based on the number of staff ....................... 141 
Figure 5.12. LDCCs’ non-car transport trip generation based on the number of children ................. 145 
 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page xi 
List of Tables 
Table 1.1 Research Method ..................................................................................................................... 8 
Table 2.1  The Most Influential Variables on Trip Chaining and Their Effects ....................................... 31 
Table 3.1 Trip Generation Sources Feature Summary (adopted from Douglass and Abley 2011) ........ 42 
Table 3.2 Survey Questions Associated with the Participant Information Section ................................ 44 
Table 3.3 Major Field of Respondents (Question 2) .............................................................................. 45 
Table 3.4 Land Use Categories Subject to Assessment by TIA (Question 19) ........................................ 58 
Table 3.5 Land Use Types subject to Trip Chaining in terms of TIA (Question 21) ................................ 60 
Table 4.1 LDCC’s Number of Staff and Children .................................................................................... 72 
Table 4.2 Trip Generation and Morning Peak Period at the surveyed LDCCs ........................................ 74 
Table 4.3  Interview Response Rate at the surveyed LDCCs .................................................................. 78 
Table 4.4  Modal Shares at the surveyed LDCCs .................................................................................... 79 
Table 4.5  Trip Chaining Percentage at the surveyed LDCCs ................................................................. 80 
Table 4.6  Demographic Indicators........................................................................................................ 81 
Table 4.7 Correlation among Demographic Indicators ......................................................................... 82 
Table 4.8  Socioeconomic Indicators ..................................................................................................... 83 
Table 4.9  Correlation among Socioeconomic Indicators ...................................................................... 83 
Table 4.10  Urban Form Indicators ........................................................................................................ 85 
Table 4.11  Correlation among Urban Form Indicators ......................................................................... 85 
Table 4.12  Final Dependent Variables for Use in Model Development ................................................ 87 
Table 4.13  Final Indicators for Independent Variable Development .................................................... 88 
Table 5.1 Proposed Combination of Demographic Indicators for use in Model Development .............. 95 
Table 5.2 Proposed Combination of Socioeconomic Indicators for use in Model Development ........... 95 
Table 5.3 Proposed Combination of Urban Form Indicators for use in Model Development ................ 95 
Table 5.4 Specification of Private Car Trip Generation per Staff Model (Proposed Method) ................ 98 
Table 5.5 Specification of Private Car Trip Generation Model based on the Number of Staff (Current 
Method) ........................................................................................................................................ 98 
Table 5.6 Private Car Trip Generation Estimation based on the Number of Staff ............................... 100 
Table 5.7 Specification of Private Car Trip Generation per Child Model (Proposed Method) ............. 102 
Table 5.8 Specification of Private Car Trip Generation Model based on the Number of Children 
(Current Method) ........................................................................................................................ 102 
Table 5.9 Private Car Trip Generation Estimation based on the Number of Children ......................... 104 
Table 5.10 Specification of Public Transport Trip Generation per Staff Model (Proposed Method) ... 106 
Table 5.11 Specification of Public Transport Trip Generation Model based on the Number of Staff 
(Current Method) ........................................................................................................................ 106 
Table 5.12 Public Transport Trip Generation Estimation based on the Number of Staff .................... 108 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page xii 
Table 5.13 Specification of Public Transport Trip Generation per Child Model (Proposed Method) ... 110 
Table 5.14 Specification of Public Transport Trip Generation Model based on the Number of Children 
(Current Method) ....................................................................................................................... 110 
Table 5.15 Public Transport Trip Generation Estimation based on the Number of Children............... 112 
Table 5.16 Specification of Cycling Trip Generation per Staff Model (Proposed Method) .................. 114 
Table 5.17 Specification of Bicycle Trip Generation Model based on the Number of Staff (Current 
Method) ...................................................................................................................................... 114 
Table 5.18 Bicycle Trip Generation Estimation based on the Number of Staff ................................... 116 
Table 5.19 Specification of Cycling Trip Generation per Child Model (Proposed Method) .................. 118 
Table 5.20 Specification of Cycling Trip Generation Model based on the Number of Children (Current 
Method) ...................................................................................................................................... 118 
Table 5.21 Bicycle Trip Generation Estimation based on the Number of Children .............................. 120 
Table 5.22 Specification of Walking Trip Generation per Staff Model (Proposed Method) ................ 122 
Table 5.23 Specification of Walking Trip Generation Model based on the Number of Staff (Current 
Method) ...................................................................................................................................... 122 
Table 5.24 Walking Trip Generation Estimation based on the Number of Staff ................................. 124 
Table 5.25 Specification of Walking Trip Generation per Child Model (Proposed Method) ................ 126 
Table 5.26 Specification of Walking Trip Generation Model based on the Number of Children (Current 
Method) ...................................................................................................................................... 126 
Table 5.27 Walking Trip Generation Estimation based on the Number of Children ........................... 128 
Table 5.28 Specification of Active Transport Trip Generation per Staff Model (Proposed Method) ... 130 
Table 5.29 Specification of Active Transport Trip Generation Model based on the Number of Staff 
(Current Method) ....................................................................................................................... 131 
Table 5.30 Active Transport Trip Generation Estimation based on the Number of Staff .................... 132 
Table 5.31 Specification of Active Transport Trip Generation per Child Model (Proposed Method) ... 134 
Table 5.32 Specification of Active Transport Trip Generation Model based on the Number of Children 
(Current Method) ....................................................................................................................... 135 
Table 5.33 Active Transport Trip Generation Estimation based on the Number of Children .............. 136 
Table 5.34 Specification of Non-car Transport Trip Generation per Staff Model (Proposed Method) 138 
Table 5.35 Specification of Non-car Transport Trip Generation Model based on the Number of Staff 
(Current Method) ....................................................................................................................... 139 
Table 5.36 Non-car Transport Trip Generation Estimation based on the Number of Staff ................. 140 
Table 5.37 Specification of Non-car Transport Trip Generation per Child Model (Proposed Method) 142 
Table 5.38 Specification of Non-car Transport Trip Generation Model based on the Number of 
Children (Current Method) ......................................................................................................... 143 
Table 5.39 Non-car Transport Trip Generation Estimation based on the Number of Children ........... 144 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page xiii 
List of Abbreviations 
Abbreviation Description 
ADT Average Daily Traffic 
AITPM Australian Institute of Transportation Planning and Management 
DDM Direct Demand Model 
DFM Demand Forecasting Model 
GLA Gross Leasable Area 
GFA Gross Floor Area 
HTAD Household Travel Activity Diary 
ITE Institute of Transportation Engineers 
LDCC Long Day Care Centre 
LOS Level of Service 
MCM Mode Choice Model 
NTGD National Trip Generation Database 
OR One-sample Runs 
OWSR One-sample Wilcoxon Signed Rank 
QUT Queensland University of Technology 
RTA Roads and Traffic Authority 
RUM Random Utility Maximisation 
TAZ Traffic Analysis Zone 
TDB Trips Database Bureau 
TGM Trip Generation Model 
TGR Trip Generation Rate 
TIA Transport Impact Assessment 
TOD Transit Oriented Development 
TRICS Trip Rate Information Computer System 
TSKS Two Sample Kolmogorov Smirnov 
UTP Urban Transportation Planning 
WE Work Experience 
 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page xiv 
 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page xv 
Statement of Original Authorship 
The work contained in this thesis has not been previously submitted to meet 
requirements for an award at this or any other higher education institution. To the best of 
my knowledge and belief, the thesis contains no material previously published or written 
by another person except where due reference is made. 
 
 
 
 
Signature:        Amir Mousavi  
 
Date:         10
th
 August 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
QUT Verified Signature
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page xvi 
 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page xvii 
Acknowledgements 
I acknowledge my principle supervisor, Associate Professor Jonathan Bunker, 
and my associate supervisor, Dr Brian Lee, for their support and guidance throughout 
my PhD journey. I greatly appreciate their outstanding guidance, encouragement and 
wisdom, and the caring support they provided to me throughout this research. Their 
professional and far-thinking leadership ensured the study progress, timely completion 
and high standard of this thesis. 
I am grateful to the Australian Institute of Transport Planning and Management 
(AITPM) for assisting the stakeholder organisations survey by distributing the invitation 
email to Australian traffic and transport professionals. I also would like to thank Hobart 
and Glenorchy City Councils and Metro Tasmania for providing data associated with 
residential and non-residential density as well as the location of the bus stops within the 
Greater Hobart region. I also acknowledge the support of the Queensland University of 
Technology (QUT) for this research. In addition, I would like to thank Ms. Diane 
Kolomeitz for editing my thesis for lodgement. 
I would also like to thank Mrs Nazli Sheikh in Hobart for helping me in the data 
collection stage. This study would not have been possible without the exceptional help 
she gave in traffic counting and interviews. Also, I would like to thank my wife – 
Mahboubeh Mostean - who has instructed me on how to conduct GIS analysis associated 
with this research. 
Finally, I express my immense gratitude to my family: my wife and my son, 
Kousha Mousavi, for their unconditional love, support, and encouragement. Without 
them, I would not have been able to complete my PhD journey.  
 
 
 
 
 
 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page xviii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A Novel Method for Trip Generation Estimation using a Prominent Land Use as a Case Study  
Amir Mousavi Page xix 
Publications from This Research 
Journal Article 
1. Mousavi, A., J. Bunker and B. Lee (2012). "Trip generation in Australia: 
practical issues." Road and Transport Research 21(4): 24-37. 
Conference Papers 
2. Mousavi, A., J. Bunker and B. Lee (2012). "A new approach for trip 
generation estimation for use in traffic impact assessments." 25th ARRB 
Conference Proceedings, ARRB Group Ltd. 
3. Mousavi, A., J. Bunker and B. Lee (2013). “An Investigation into Trip 
Generation issues in Australia." AITPM National Conference 2013. 
Presentation:  
4. “An Improved Model of Traffic Generation by Australasian Developments 
for use in Evaluation of Proposals.” (2011) Smart Transport Research 
Centre (STRC) seminar. 
 
 
 
 
Chapter 1:  Introduction  
Amir Mousavi Page 1 
1Chapter 1:  Introduction 
This chapter presents the background (section 1.1), research problem (section 
1.2) and research questions (section 1.3) of this study. Section 1.4 illustrates the research 
plan including the research aim and objectives, case study, research method and research 
framework. Lastly, section 1.5 includes an outline of the remaining chapters of the 
thesis. 
1.1 BACKGROUND 
Any new development in an area has the potential to affect the surrounding 
transport infrastructure. To assess the effect of a development, transport planners and 
engineers may perform a Transport Impact Assessment (TIA). TIA for new land 
developments is a statutory need in most countries, particularly in major cities, in order 
to reduce the probability of congestion and to decrease the impact of development on the 
surrounding transport system network and land uses.  
A TIA is a report that is produced based on transport assessment guidelines 
(Abley, Durdin et al. 2010). It is defined as the process that assesses the impact of 
proposed new developments or expansions of existing developments on traffic networks 
surrounding a site (Faghri, Aneja et al. 1999). A typical TIA study provides answers to 
the following questions: 
 What are the existing traffic conditions on the network surrounding the 
proposed development? 
 How much additional traffic will be generated by the proposed 
development? 
 How will additional traffic affect existing and future horizon conditions? 
 What roadway improvements or changes in the site plan would be necessary 
to minimise traffic impact of the proposed development? 
Typically, a TIA has three main stages, including inventory, forecasting and 
evaluation. In the forecasting stage, different types of Demand Forecasting Models 
(DFMs) have been developed through transport planning history to predict the total 
number of trips produced by or attracted to the study area (Ortuzar S. and Willumsen 
2001, David and Hillel 2004, Lee and Boyce 2004, Karasmaa 2007, Ying 2007, Michael 
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2008). However, the four-step traditional transportation planning process is still the most 
accepted approach among transport professionals.  
The first two steps of the four-step model of travel demand are Trip Generation 
Models (TGMs) and Mode Choice Models (MCMs). There are a large number of 
previous studies and a vast amount of research that has been undertaken, particularly in 
Europe and North America, to progress TMGs and MCMs (Palma and Rochat 2000, 
Karthik and Bhargavi 2007, Ye, Pendyala et al. 2007, Amith and Sivaramakrishnan 
2008, Cynthia, Hongmian et al. 2008, Marcela, Sergio et al. 2008, Noreen 2008, Xu, He 
et al. 2008, Yao, Yan et al. 2008). However, applying TGMs from other countries may 
produce serious errors in TIA findings, as they do not take into account any local 
characteristics that the site under consideration might have. 
Specific land use elements such as Gross Floor Area (×100m2) of buildings or 
parcel size (Ha) are used to predict trip generation of proposed developments for use in 
TIA. However, these land use elements are not perfect independent variables by which 
to estimate trip generation, as they do not reflect accurate results. 
Further, MCMs are usually ignored in TIAs, since transport engineers generally 
apply auto (car) trip generation rates for use in evaluation of proposals. The interaction 
between trip generation and trip chaining has also not been considered in TMGs for use 
in TIAs. Instead, the application of a percentage of the total number of trips generated by 
a site as the pass-by (also known as drop-in) trips is the most common approach for the 
consideration of trip chaining effects on trip generation in a TIA. 
Any of the above mentioned issues (or a combination of them) may result in 
over-estimation or under-estimation of trip generation in TIAs and, consequently, may 
lead to inaccurate and inconsistent results of TIAs’ findings. The broad aim of this 
research is to develop a method to provide more accurate means of estimating trip 
generation and mode choice simultaneously for use in TIAs. 
1.2 RESEARCH PROBLEM 
The function of each land use type is consistent among cities and countries. For 
instance, all around the world a fast food outlet tends to produce food in a short time 
with a simple procedure, in order to reduce the customers’ waiting time. Similarly, a 
childcare centre worldwide is a place to take care of children during working hours in 
order to make parents free for working, and a residential land use is used for families’ 
residing purposes.  
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However, the trip generation rates, the modal split proportions, and the 
percentage of trips chained for a particular land use type differ among countries, cities, 
and even suburbs. While the land use type characteristics are the most commonly used 
independent variables for the estimation of trip generation, modal split and trip chaining, 
it seems that other factors may affect the amount of these traffic attributes for the specific 
land use type. 
Review of the literature shows that socioeconomic, demographic and urban form 
characteristics are the most accepted factors that have a direct influence on trip 
generation, mode choice, and trip chaining (Garling 2000, Ortuzar S. and Willumsen 
2001, Jang 2003, Khattak and Rodriguez 2005, Golob and Hensher 2006, Khan, Ferreira 
et al. 2007, Amador, de Dios Ortúzar et al. 2008, Muley, Bunker et al. 2009, Hunt, 
Broadstock et al. 2010, Pettersson and Schmocker 2010, Lin and Yu 2011, 
Mohammadian and Rashidi 2011). This can justify the differentiation of the transport 
features mentioned among countries, cities, and suburbs, as the socioeconomic, 
demographic and urban form characteristics are changed from one location to another.  
Socioeconomic, demographic and urban form factors are rarely applied in a TIA 
study. This might be originated by two main motives. Firstly, data collection based on 
these factors requires a vast amount of time and budget. In addition, models calibrated 
based on these parameters commonly are complicated in nature, which prevents them 
from use in TIA studies. Secondly, designating an overall effect of all influential factors 
is more significant in a TIA study instead of understanding the consequences of each 
factor. For this reason, specific land use elements such as Gross Floor Area (GFA) of the 
development are commonly used as the independent variable instead of the 
characteristics mentioned. However, these land use elements are not a perfect proxy 
measurement for use in TIAs and estimation based on the characteristics mentioned 
might lead to more accurate and more consistent results. 
Accordingly, it can be concluded that employing a combination of characteristics 
for each category (i.e. socioeconomic, demographic and urban form) for developing 
DFMs (e.g. trip generation, mode choice, etc.) might result in more accurate and more 
consistent outcomes. 
Based on the above conclusion, the hypothesis can be drawn as follows: 
“For a particular land use type, there is a specific configuration of 
characteristics related to each of the socioeconomic, demographic 
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and urban form categories, which can be used to indicate its traffic 
attributes.” 
Considering the above hypothesis, it is expected that the model will utilise 
individuals’ and households’ socioeconomic and demographic characteristics as well as 
mobility and accessibility parameters as the independent variables. The following 
assumptions are made: 
 In the case of traffic/transport attribute prediction, it is sufficient to have an 
overall effect of a collection of elements instead of utilising all independent 
variables individually. 
 In terms of transport demand, the effective independent variables can be 
categorised into socioeconomic, demographic and urban form parameters. 
Consequently, a specific index can be developed for each category, using its 
relevant independent variables. 
𝐼𝑆 = 𝑓(𝑠𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠) 
𝐼𝐷 = 𝑓(𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠) 
𝐼𝑈 = 𝑓(𝑢𝑟𝑏𝑎𝑛 𝑓𝑜𝑟𝑚 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠) 
Where IS, ID and IU are socioeconomic, demographic, and urban form indices 
respectively. 
In order to calculate the above indices for a city, initially, the city will be divided 
into different areas (depending on data availability). These areas can be traffic analysis 
zones, suburbs, and the like. Subsequently, independent variables for each of 
socioeconomic, demographic and urban form categories will be selected, based on the 
availability of data. Finally, the amount of each index will be calculated according to the 
value of independent variables in each area (Figure 1.1). 
Once the indices in an area are created, all traffic demand attributes (e.g., the 
proposed model for this research topic) should be able to be formulated for the area by 
using the indices. It is envisaged that after creating an equation for a specific land use 
type, the equation would be kept constant through time and just the indices would be 
updated as necessary.  
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             Indices 
Areas 
𝐼𝑆 𝐼𝐷 𝐼𝑈  
Area 1 𝐼𝑆1 𝐼𝐷1 𝐼𝑈1 
Area 2 𝐼𝑆2 𝐼𝐷2 𝐼𝑈2 
Area 3 𝐼𝑆3 𝐼𝐷3 𝐼𝑈3 
Area 4 𝐼𝑆4 𝐼𝐷4 𝐼𝑈4 
Area 5 𝐼𝑆5 𝐼𝐷5 𝐼𝑈5 
Area 6 𝐼𝑆6 𝐼𝐷6 𝐼𝑈6 
Area 7 𝐼𝑆7 𝐼𝐷7 𝐼𝑈7 
Figure 1.1. A supposed city subdivision and the related table of indices 
This research attempts to examine whether the application of socioeconomic, 
demographic and urban form characteristics will provide more accurate result for 
estimating trip generation and mode choice simultaneously. 
1.3 RESEARCH QUESTIONS 
To test the above hypothesis, this research will create an improved model 
combining trip generation and mode choice with consideration of the effect of trip 
chaining for a selected land use development type for use in TIAs, based on socio-
demographic and urban form variables. The effect of trip chaining is expected to be 
considered in the model by estimating non-chained trips generated by the selected land 
use development type due to the fact that only the non-chained trips constitute the 
additional traffic on the adjacent roadways. 
The results from this model will, then, be compared with the results from the 
model structure and the independent variables that are commonly used in TIAs, to assess 
whether the new method will provide more accurate results for use in TIAs. 
Creating the model will be a new phenomenon, as nobody has yet attempted to 
develop such a comprehensive and scientifically robust model for TIA. Therefore, the 
major issue will be to discover the appropriate approach for developing the model. 
Further, it is expected that only one land use development type will be considered for 
model development, due to time and budget constraints. While the model will estimate 
both trip generation and mode choice with consideration of the effect of trip chaining, 
the selected land use development type would be better to be the one which has the most 
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effect on trip chaining. Consequently, the following questions need to be addressed by 
this research: 
1) Which configuration of variable(s) will provide the most accurate 
results? 
2) What is the model structure best suited for estimating trip generation and 
mode choice simultaneously? 
3) What is the land use type most affected by trip chaining? 
1.4 RESEARCH PLAN 
The following sections explain the research plan to address the research 
questions and to test the hypothesis. 
1.4.1 Research aim 
The broad aim of this research is to find a new approach for traffic generation 
estimation of land use types by developing a model that combines trip generation and 
mode choice, with consideration to the effect of trip chaining, in order to provide more 
accurate results for use in TIAs.  
1.4.2 Objectives 
The following key objectives of this research have been established to achieve 
the research aim by responding to the research questions:  
1) Review the literature on technical methods and independent variables 
that apply to the creation of demand forecasting models, particularly trip 
generation models, mode choice models, and trip chaining studies. 
(Research Question 2)  
2) Conduct a survey in order to establish Australian traffic and transport 
professionals’ perceptions about trip chaining and its interaction with trip 
generation, as well as the most affected land use type by trip chaining 
topic. (Research Question 3) 
3) Collect required data associated with creating indices and actual trip 
generation data for existing proxy developments for model development. 
(Research Question 1) 
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4) Develop the proposed combined trip generation and mode choice model 
and a model based on the methods that are commonly used in TIAs for 
the selected land use type, and compare the results. (Research Question 
1) 
5) Discuss the research results and develop recommendations for future 
studies. 
1.4.3 Case Study 
It is expected that the metropolitan region of Hobart, Australia, is used as the 
case study area for this research. The case study of Hobart was considered appropriate 
for this study as the region is a typical, small but growing metropolitan area in Australia 
with a wide range of sociodemographic and urban form characteristics differences. The 
availability of data associated with the research and the ability of the researcher to collect 
relevant data for this research were also the other reasons for selecting the Hobart as the 
case study. 
The final model will also be developed to estimate the hourly trip generation of 
the selected land use development type for morning peak period only, in order to reduce 
the required data collection costs and time. In terms of creating the indices, it is 
considered appropriate to use suburbs for calculating the proposed indices for the 
purpose of this research. 
In addition, only one land use development type will be considered for model 
development due to time and budget constraints. While the model will estimate both trip 
generation and mode choice with consideration of the effect of trip chaining, the selected 
land use development type would be better to be the one that has the most effect on trip 
chaining. The model will, then, be calibrated based on traffic data associated with the 
selected land use development type in the study area. 
1.4.4 Research Method 
For the purpose of this research, several strategies will be adopted to respond the 
research questions outlined in section 1.2. A summary of the research questions and 
objectives with their specific selected research methods and data collection methods are 
illustrated in the Table 1.1. 
To respond to the first research question, a combined trip generation, mode 
choice and trip chaining model will be developed, based on the literature review. A site 
survey method will also be carried out for model calibration and validation purposes. 
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Sites’ access point traffic count will be accommodated for this part of the research as the 
data collection method.  
In addition, model structure designation and selection of independent variables 
will be performed based on the literature review to answer research questions 2 and 3. 
Obviously, data is not needed for this part. 
In terms of the most affected land use type by trip chaining (research question 4), 
it is envisaged that a stakeholder organisation discussion, in the form of an online survey, 
be conducted. An online questionnaire is the data collection method that is selected for 
the survey and it is expected to collect qualitative data. The survey also provides the 
opportunity to investigate whether or not there is a possible shortage of data related to 
trip generation and mode choice in the Australian context. 
Table 1.1 
Research Method 
Research Question Research objective Research 
Method 
Data Collection 
Method 
RQ1 - Which variable(s) 
configuration will provide the 
most accurate results? 
Obj 3 - Collect required data 
associated with creating indices and 
actual trip generation data for existing 
proxy developments for model 
development. 
Site Survey 
Access Point Traffic 
Count + Customer 
Interview 
Obj 4 - Develop the proposed 
combined trip generation and mode 
choice model and a model based on 
the methods which are commonly 
used in TIAs for the selected land use 
type and compare the results. 
Mathematical 
Analysis 
N/A 
RQ2 - What is the best suited 
model structure for estimating 
trip generation and mode choice 
simultaneously? 
Obj 1 - Review the literature on 
technical methods and independent 
variables applying to create demand 
forecasting models, particularly trip 
generation models, mode choice 
models, and trip chaining studies. 
Literature 
Review 
N/A 
RQ3 - What is the most affected 
land use type by trip chaining? 
Obj 2 - Conduct a survey in order to 
establish Australian traffic and 
transport professionals’ perception 
about trip chaining and its interaction 
with trip generation as well as the 
most affected land use type by trip 
chaining topic. 
Survey Online Questionnaire 
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1.4.5 Research Framework 
The conceptual framework of this study consists of three stages, as shown in 
Figure 1.2. The first stage is known as Preliminary Investigation. The second one is 
Model Development and the last stage is Output Analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2. Framework of the research 
 
Preliminary Investigation 
The Preliminary Investigation stage includes, an introduction to the area of 
Australasian trip generation, studying the previous relevant literature, discussion with 
relevant public and private sector stakeholders, and determination of a target study 
development type. 
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Starting with the “gap study”, it is extremely significant to have an excellent 
perception about TIA procedure and trip generation estimation methods in Australia. For 
this reason, practitioner guidelines such as Transportation Impact Analyses for Site 
Development (The Institute of Transportation Engineers 2005), Guide to Traffic 
Generating Developments (The New South Wales Roads and Traffic Authority 2002), 
Guidelines for Assessment of Road Impacts of Development (The Queensland 
Department of Transport and Main Roads 2006), and Guide to Traffic Management – 
Part 12: Traffic Impacts of Developments (Austroads 2009) will be reviewed. 
Subsequent to the study, the gaps in knowledge and practice related to Trip Generation 
in Australia will be identified. 
Previous relevant research literature will be reviewed. The literature review is 
focused on technical methods and independent variables applying to the creation of 
demand forecasting models, particularly trip generation models, mode choice models, 
and trip chaining studies. Different types of models are analysed in order to find out the 
advantages and disadvantages of each approach. The results of this step will be 
employed to determine the form and the variables of the proposed model and the 
technical methods used to develop it. 
Discussion with relevant public and private sector stakeholders, who are 
involved in TIA, is critical. This aims at discovering particular land use development, for 
which it is essential to produce trip generation data. Australasian state roads and 
transport authority(ies) and local/regional governments are targeted for this reason. Well-
known engineering consultants and private companies and/or industry organisations, 
such as RACQ, AITPM and the like, will also be included in this consultation. For this 
reason, a survey will be conducted in order to establish Australian traffic and transport 
professionals’ perceptions about trip chaining and its interaction with trip generation, as 
well as the most affected land use type by trip chaining topic. At the end of this phase, 
the proposed land use development type for model development can be fully 
acknowledged (i.e., study land use type will be designated from the result of 
stakeholders’ discussion survey). 
Following the finalization of the above steps, the results will be used to 
determine particular land use development type. The selected land use development 
type, then, will be used to develop the model.  
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Model Development 
The second stage, Model Development, is focused on developing the proposed 
model. It is divided into four phases: Model Form, Variables Definition, Data Collection, 
and Model Calibration and Validation. 
 As the first step in this stage, an appropriate model is formed for the chosen 
study development type. In this research, the model includes a combined trip generation 
and mode choice model, for which the interaction among trip generation, mode choice, 
and trip chaining is applied in the model. The mathematical formation of the proposed 
model will be selected, based on the results of the literature review. 
Identifying the dependent and independent variables that influence the model is 
the next critical issue in model creation. Depending on the development type, a variety 
of specific land use elements such as Gross Floor Area (×100 sqm) of buildings will be 
considered as independent variables. Socioeconomic, demographic and urban form 
characteristics are also employed as independent variables. These characteristics will be 
designated from the result of the literature review, in combination with data availability. 
The hourly trip end rate attracted by the land use type for morning peak period is 
expected to be used as the dependent variable.  
In terms of data collection, two different types of data are needed for this 
research. Required data associated with creating indices should be gathered from 
different organisations in the Hobart, Australia, study region, including Hobart and 
Glenorchy City Councils, the Tasmanian Department of State Growth, the Australian 
Bureau of Statistics, and the like. Existing data sources for trip purpose and mode choice 
information such as Tasmanian Government’s “Southern Integrated Transport Plan 
2010” will also be considered.  
Actual trip generation data for existing proxy developments must also be 
collected for the study development type. Data collection must be conducted on a typical 
working weekday during good weather conditions to capture the high end of typical 
weekday traffic. As a minimum, traffic counts will be taken at all the study sites’ 
driveways and non-car mode access points for the peak periods. Depending on study 
development type characteristics, either customer interview or questionnaire completion 
will be performed to capture data linked to trip chaining. However, ethical clearance as 
well as a survey budget will be needed. 
Statistical analysis techniques will also be employed to identify the level of data 
collection and number of sites required in preparing a valid model. The proxy 
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developments will be employed to calibrate the model. As the mentioned procedure 
involves a huge amount of calculation and a lot of time for data collection, it is preferred 
to select one land use type and calibrate the models for the Hobart area only. 
At the final step of this stage, the proxy development data collected above for the 
study development type will be utilized to prepare and calibrate the model. A model, 
based on the ordinary methods determined in the literature review, will be developed as 
well. This will provide the opportunity to test the proposed combined model in terms of 
result accuracy.  
Output Analysis 
Finally, discussion, conclusion, and recommendations from this study will be 
drawn for use by transport professionals and future researchers. The results of this 
research will assist transport professionals to better assess the transport impacts of new 
development proposals. This research is also expected to contribute to formal guidelines 
in order to help to solve the present limitations in Australia related to trip generation for 
use in evaluation of proposals. 
1.5 THESIS OUTLINE 
Chapter Two of this thesis provides an overview of the current literature on 
travel DFMs, focusing specifically on TGMs and MCMs as well as trip chaining effects 
on these models. The first part of this chapter presents a brief discussion on travel DFMs 
in the field of transport followed by a comprehensive debate on trip generation and 
modal split modelling. This discussion covers different theoretical perspectives such as 
assumptions, modelling and data collection techniques, variables and the like. The 
second part of this chapter contains a summary of findings on trip chaining behaviour. 
The significance of interaction among trip generation, mode choice, and trip chaining is 
highlighted in this section of the chapter. The main argument presented in this section 
suggests that there is a strong correlation between trip chaining behaviour, trip 
generation and mode choice, which will ultimately influence the results of trip 
generation and mode choice prediction in an Urban Transportation Planning (UTP) 
study. 
Chapter Three presents the results from the stakeholder discussion survey as 
mentioned in section 1.3.3. The first section of this chapter provides a brief literature 
review specifically in relation to the existing trip generation databases and their 
preparation method, particularly in terms of database style and parameters. The survey 
Chapter 1:  Introduction  
Amir Mousavi Page 13 
methodology, adopted to investigate the views and experiences of Australian traffic and 
transport professionals about trip generation and trip chaining for use in TIA, is 
described in the second section of this chapter. The detailed survey questionnaire is 
shown in this section as well. Finally, survey results are discussed in the third section. 
The results are categorised into three main topic groups: Trip Generation Data, Trip 
Generation Rates and Methods, and Trip Chaining Effects. At the end of this chapter, the 
most affected land use type by trip chaining, accepted by Australian transport 
practitioners, for use in model development stage is identified. 
The new concept for a combined trip generation, mode choice and trip chaining 
model is discussed in Chapter Four. The first section of this chapter explains the scope of 
model development, while the second section provides information in relation to the 
selected land use type. The next section presents the model structure appropriate for such 
a complicated model. Proposed variables for use in the combined model, including 
demographic, socioeconomic and urban form characteristics, are discussed. Finally, the 
last section describes data collection strategies and results. A preliminary investigation, 
in terms of data validation and correlation between independent variables, is also 
provided in this section as well. Moreover, this section provides information in relation 
to the traffic nature of the selected land use type, such as actual morning peak period, 
which helps researchers to better understand the interaction of traffic and land use 
associated with the selected land use type. 
In Chapter Five, a trip generation model is developed based on the ordinary 
methods determined in the literature and is calibrated using the actual trip generation 
data associated with the existing proxy developments. The proposed combined trip 
generation, mode choice and trip chaining model is also developed based on the 
proposed independent variables, as discussed in Chapter Four. The proposed combined 
model and the ordinary trip generation model are developed for four trip classifications 
including car-based trips, public transport trips, walking trips and cycling trips. The 
results from both models for each trip classification will, then, be compared with the 
collected trip generation data to determine the more accurate model. 
Finally, Chapter Six discusses the main findings and the limitations of the 
research, followed by the recommendations for future research. 
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2Chapter 2:  Literature Review 
This chapter provides an overview of the current literature on travel Demand 
Forecasting Models (DFMs), focusing specifically on Trip Generation Models (TGMs) 
and Mode Choice Models (MCMs) as well as trip chaining effects on these models. The 
first part of this chapter presents a brief discussion on travel DFMs in the field of 
transport followed by a comprehensive debate on trip generation and modal split 
modelling. This discussion covers different theoretical perspectives such as assumptions, 
modelling and data collection techniques, variables and the like. The second part of this 
chapter contains a summary of findings on trip chaining behaviour. The significance of 
interaction among trip generation, mode choice, and trip chaining is highlighted in this 
section of the chapter. The main argument presented in this section suggests that there is 
a strong correlation between trip chaining behaviour, trip generation and mode choice, 
which will ultimately influence the results of trip generation and mode choice prediction 
in an Urban Transportation Planning (UTP) study. 
Distinguished by its focus on transport impact assessment for new land 
development proposals, this study seeks to address the lack of research on the conception 
of combining TGMs and MCMs with the consideration of trip chaining effects for use in 
evaluation of proposals.  
2.1 TRAVEL DEMAND FORECASTING MODEL 
Many transport engineers emphasize the interaction between transport and land 
use (Stopher and Meyburg 1975, Paquette, Ashford et al. 1982, Meyer and Miller 1984, 
Meyer, Ross et al. 1995, Kuppam and Pendyala 2001, Hooper and Institute of 
Transportation Engineers 2004, Slinn, Matthews et al. 2005, Cervero and Duncan 2006, 
Koppelman, Boyce et al. 2009, Noland, Schmöcker et al. 2010, Börjesson, Jonsson et al. 
2014). As a consequence, this has led transport authorities and professionals to prepare 
comprehensive UTPs since the end of the 1960s, in order to ensure that the accessibility 
and mobility requirements of the community are supplied and maintained at an 
acceptable level.  
It could be stated that the major objective of UTP is to provide comprehensive 
and continuing guidance for the development, evaluation, and implementation of future 
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transportation planning proposals, emphasizing the broad role of transportation in urban 
activities, the comprehensive evaluation of alternative planning policies, and the 
allocation of priorities for future investment and development. UTP studies, in general, 
constitute a major part of the work load of transportation planning agencies and transport 
and planning engineering consultants. Such studies include corridor studies, subarea 
studies, alternative analysis for major investments, and Transport Impact Assessments 
(TIAs), and the like (Banks 2002).  
It should be noted that UTP studies can be conducted in two scales: large scale 
and small scale studies. Large scale UTP studies generally involve transport planning 
and study for urban areas with mixed land use zones, while small area studies such as 
TIA and parking analysis focus on a specific land development. Consequently, different 
approaches are applied for a UTP, depending on the scale of the study. 
The UTP process can usually be seen to be accomplished by way of a three-stage 
study. The first stage comprises an inventory of existing travel throughout the whole 
urban area, together with inventory of land uses, socioeconomic characteristics of the 
population, and the existing facilities for travel. The second stage constitutes a set of 
forecasts, first of the land use development that is planned to occur in the forecast period, 
and then of the travel demand that may be anticipated and the way in which this will 
occur throughout the region. The final stage comprises the detailing of a number of 
alternative strategies for providing transportation and changes in land uses, together with 
evaluations and, hopefully, an eventual selection of a particular form or policy for future 
planning (Miller, Kriger et al. 2005). 
The forecasting stage of the UTP process is a crucial element of the majority of 
transport planning studies. Being able to predict the likely usage of new facilities is an 
essential precursor to rational decision making about the advantages or otherwise of 
providing such facilities (Ortuzar S. and Willumsen 2001). The purpose of the travel 
forecasting stage of the UTP process is to perform a conditional prediction of travel 
demand in order to estimate the likely transportation consequences of several 
transportation alternatives that are being considered for implementation (Papacostas and 
Prevedouros 2001). 
There are two commonly used approaches for modelling travel attributes, 
namely, aggregate models such as the four-step travel demand models and disaggregate 
activity-based models. The disaggregate activity-based models are generally more 
behavioural and more complicated to be estimated while the aggregate models are less 
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behavioural but still not easy to be estimated and calibrated (Mohammadian and Rashidi 
2011). Aggregate models usually are based upon home interview origin and destination 
data that have been aggregated into units. The disaggregate approach relies on samples 
over a range of household types and travel behaviour and uses these data directly 
(without aggregation) for model calibration (Stammer, Ashford et al. 1998). 
In the traditional practice of passenger transportation planning, trip generation, 
modal split, trip distribution, and trip assignment models have been used to forecast the 
travel demand (Yu 1982). Travel demand models can be chained together in a sequence 
(Figure 2.1). In this sequential demand modelling arrangement, the outputs of each step 
become inputs to the following step (Papacostas and Prevedouros 2001). The sequential 
analysis is of an aggregate nature, in that model development is based upon averages of 
travel and land use characteristics (Yu 1982). This four-stage urban transportation 
modelling system continues to be the method widely used for simulating traffic volumes 
on transport networks (Chen and Badoe 2004). In practice, travel demand forecasting 
stage of a TIA is generally conducted based on sequential analysis. 
 
 
 
 
 
 
 
Figure 2.1. Structure of four-step model (Khan, Ferreira et al. 2006). 
Occasionally, demand models have been proposed, which combine several of the 
sequential models. Such models are known as simultaneous choice models or Direct 
Demand Models (DDMs) (Banks 2002). Generally, DDMs accomplish the trip 
generation, distribution, and modal split functions simultaneously. These models are 
differentiated by trip purpose and are typically employed as observation data on 
geographical aggregates. The advantages of this model are that (a) it permits estimation 
of the total travel demand as a function of alternative travel modes, and (b) it can predict 
the travel demand for no existing (new) modes of transportation simply by knowing its 
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major service characteristics (Yu 1982). However, DDMs are not accepted in terms of 
TIAs. 
On the other hand, disaggregate behaviour models predict travel demand by 
means of individual or household data. They attempt to explain and describe the 
decisions of individuals with respect to transportation-related alternatives (Hensher, 
Research. et al. 2001). The models are described as being disaggregate because the basic 
unit of observation for model calibration is the individual traveller and not a traffic zone, 
as in conventional UTP. They are also described as being behavioural for two reasons: 
first, much of the theoretical underpinning of the approach is found in two disciplines 
dealing with behaviour – the economics of customer behaviours, and the psychology of 
choice behaviour. Second, the models have been constructed empirically upon the basis 
of hypotheses concerning the identification of decision variables in the travel choice 
situation. Finally, the models are probabilistic, since they assign a probability to each 
possible outcome of a particular travel decision for a specific traveller, or potential 
traveller (Stopher and Meyburg 1975). However, applying disaggregate techniques for 
TIA’s travel demand forecasting stage may result in more accurate outcomes. 
2.1.1 Trip Generation Models 
The first stage of the four-stage urban transportation modelling system is trip 
generation, which predicts the trips produced and attracted by the various land use 
activities (Chen and Badoe 2004) within the study area. The function of trip generation 
analysis is to establish meaningful relationships between land use and trip making 
activity so that changes in land use can be used to predict subsequent changes in 
transportation demand (Paquette, Ashford et al. 1982).  
Trip generation analysis involves the estimation of the total number of trips 
entering or leaving a parcel of land as a function of the socioeconomic, locational, and 
land use characteristics of the parcel (Paquette, Ashford et al. 1982). Trips are usually 
thought of as being two-way excursions originating at the trip maker’s home. They are 
said to be produced by residential development and attracted by economic or other 
activity (Banks 2002). 
Accurate forecasts of trip generation are important from both an operational 
perspective and a public policy perspective. Operational agencies can use these forecasts 
to plan for roadway capacity expansions, traffic signal timing improvements, and 
enhancements to traveller information capabilities and travel modes such as public 
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transport, cycling and walking. Decision makers also benefit from reliable travel demand 
figures, since these can provide a useful basis for fairly allocating costs and making 
decisions about how to influence future development (Miller, Hoel et al. 2006). 
The data for travel demand model development including TGMs are typically 
collected in household-travel-behaviour surveys that have the household as the sampling 
unit. The transportation analyst decides on an appropriate unit of analysis to be 
employed in the modelling of each of the stages of the four-stage process. This unit of 
analysis could be the “individual”, the “household”, or the “traffic zone” (Chen and 
Badoe 2004). One of the latest research’s results examining the importance of the unit of 
analysis selected for trip generation modelling, as conducted by Chen (2004), suggests 
that the household should be the unit of analysis employed whenever data are collected 
in a household-travel-behaviour survey, in which the household is the sampling unit. 
However, such a data collection method is not cost-effective for use in TIA because of 
its time and budget requirements. 
Independent Variables 
The choice of proxy variables used to predict trip generation has long been an 
area of concern for transportation planners (Ortuzar S. and Willumsen 2001). The 
explanatory variables set that have been found in the literature ranges from socio-
economic and demographic attributes of the household to the built environment 
characteristics and land-use patterns (Ortuzar S. and Willumsen 2001, Khattak and 
Rodriguez 2005, Hunt, Broadstock et al. 2010, Pettersson and Schmocker 2010, Lin and 
Yu 2011, Mohammadian and Rashidi 2011, Faghri and Venigalla 2013, Zamir, Nasri et 
al. 2014).  
In this respect, Khattak (2005) found that the automobile trip generation rate for 
the neo-traditional neighbourhood is significantly lower than for the conventional 
neighbourhood. Lin (2011) also explained that mixed land use, employment density, 
walkway quality, leisure facility supply and leisure travel distance encourage generation 
of leisure trips for children in Taipei. Moreover, Faghri (2013) states that vehicular trips 
are reduced in the order of 30% for Transit-Oriented Developments (TODs), compared 
with a non-TOD development. 
Apart from the built environment characteristics and land-use patterns, Pettersson 
(2010) showed that there is a pronounced decrease in total trips made by residents of 
increasing age in Manila. Further, Hunt (2010) indicated that the level of trip generations 
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at a residential development is determined by city size, household size, income levels, 
and dwelling type. 
In small scale studies, specific land use elements such as Gross Floor Area 
(GFA) of the development are commonly used as independent variables in TIA instead 
of the above characteristics. However, these land use elements are not a perfect proxy 
measurement for trip generation estimation. 
Modelling Techniques 
In terms of model development, prediction of trip-making activity is possible by 
a variety of available methods. The most popular methods have come to be known as: 
Land Area Trip Rate Analysis, Cross Classification Analysis, and Regression Analysis 
(Papacostas and Prevedouros 2001).  
In this respect, Thomas (2007) claimed that the multi-classification analysis 
should be discarded because it is supported by an assumption with very low probability 
of occurrence in the real world, the transgression of which may imply a severe bias in 
transportation systems modelling. He suggests that trip generation modelling needs to 
use more sophisticated formulations than multi-classification analysis. 
On the other hand, the main advantage of the regression analysis model is the 
ability to test a number of variables, thought to affect trip making behaviour, and to 
select those that are shown to be more important on the basis of classical tests of 
significance on the coefficient estimates of the variables (Papacostas and Prevedouros 
2001). Among many studies using the regression analysis model for trip generation 
prediction, for instance, Lin (2011) and Pettersson (2010) applied a negative binomial 
regression model and an ordered probit regression model for their research, respectively. 
In addition, Faghri  (2013) employed a regression model to compare vehicular trip 
generation of TODs and non-TODs developments. 
Many researchers have also examined other techniques to acquire more accurate 
results. As an example, Washington (2000) introduced an iteratively specified tree-based 
regression model, which can be applied to forecast different transport issues, including 
trip generation. A hierarchical modelling framework for simulating household travel 
attributes (trip generation and modal split) at the disaggregate level has also been 
employed by Mohammadian (2011). 
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Taking the above content into consideration, the most commonly used 
independent variables and modelling techniques for trip generation estimation are 
summarised in Figure 2.2. 
 
 
 
 
 
 
 
 
 
 
Figure 2.2. Relationship among variables, models, and trip generation estimation. 
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national average, which does not take into account any local characteristics that the site 
under consideration might have. In fact, local trip generation rates may vary significantly 
from the national averages. Therefore, using the trip generation rates without adjustment 
might result in gross over- or under-estimation of the traffic impacts of a proposed land 
use. However, almost 58% of the states in the US depend entirely on this report to 
estimate the trip generation rate of a proposed development (Dey and Fricker 1994). For 
this reason, the trip generation report (The Institute of Transportation Engineers 2008) 
draws the users’ attention to this fact and suggests modification of the trip rates to reflect 
local travel patterns. The US Institute of Transportation Engineers’ (ITE) 
“Transportation impact analyses for site development” book (The Institute of 
Transportation Engineers 2005) also suggests that in the use of national data, careful 
consideration should be given when selecting between rates and equations, if both are 
available.  
In Australia, the New South Wales Roads and Traffic Authority (2002) has 
created a national database related to trip generation. Most state road authorities in 
Australia, such as Queensland (The Queensland Department of Transport and Main 
Roads 2006) and Western Australia (The Western Australia Department for Planning 
and Infrastructure 2006), as well as The Australian and New Zealand Road Transport 
and Traffic Authorities Association (Austroads 2009), have published guidelines for 
traffic impact assessment preparation based on this national database.  
The New South Wales Roads and Traffic Authority trip generation database was 
published in 1984 and updated in 2002. It contains trip generation equations and rates for 
34 different land use types. This small variation of land use types, in comparison with 
the ITE trip generation report, might be because of the small size of the database, which 
is not large enough to be statistically significant for model development.  
Yet measuring trip generation rates has historically been a labour intensive and 
expensive data collection process (Miller, Hoel et al. 2006). The ideal approach to a TIA 
is to use local trip generation rates. If such data are not available, or if the size of 
database is not large enough to be statistically significant, the best alternative is to collect 
data at similar local land uses. Because this involves expending time and resources, this 
is often not practical. Hence, this leads local transportation agencies to use conventional 
trip generation rates (Dey and Fricker 1994).  
Similarly, when a transportation agency needs trip generation rates for a 
particular location, it often looks to other agencies, consultants or universities, who may 
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have collected similar information. Thus, the transferability of rates from one study to 
another is a topic of importance in metropolitan locations where development is 
common. However, borrowing rates from one study and applying them to another can be 
hazardous (Miller, Hoel et al. 2006).  
In this respect, Eduardo Pessoa De and Licinio Da Silva (2010) created a trip 
generation model for Brazilian shopping centres and compared it with the ITE model. 
They argued that the only point in common between the results of the survey and the 
calculations according to the ITE model was the statistical correlation between the 
shopping centres’ gross leasable area and the volume of vehicles attracted by them.  
Additionally, Dey (1994) established a methodology for obtaining more reliable 
local trip generation rates. In this method, the ITE trip generation data will be updated 
using local trip generation data by applying Bayesian updating techniques. He concludes 
that more reliable local trip generation rates can be acquired by combining localised 
sample data with the already existing information. 
2.1.2 Mode Choice Model 
Transport mode choice is probably one of the most important classic models in 
transport planning (Ortuzar S. and Willumsen 2001). The mode choice modelling stage, 
termed modal split, is involved primarily with the attempt to assign person trips to the 
various alternative modes available. In the most limited sense, it tends to be confined to 
predicting the proportion of persons assumed to have access to a car that actually use 
public transport (Hensher and Button 2008). However, the travel modes that are used 
generally involve walking, cycling, auto (private car) and transit modes (i.e., public 
transport such as bus, train, and the like) (Khan, Ferreira et al. 2004). 
An MCM is concerned with the trip maker’s behaviour regarding the selection of 
mode (Papacostas and Prevedouros 2001). In fact, mode choice behaviour is a 
fundamental element of travel behaviour that has significant implications for 
transportation planning. Estimates of public transit ridership and the use of alternative 
modes of transportation are largely based on studies of mode choice behaviour and 
models (Ye, Gottardi et al. 2007). 
In the case of small scale studies (e.g., TIA), mode choice analysis is usually 
ignored by transportation engineers because the modal split stage is performed in 
advance in the trip generation analysis. In fact, as transport professionals are mostly 
concerned about the impact of new developments on their adjacent road network, they 
Chapter 2:  Literature Review  
Amir Mousavi Page 24 
generally apply auto trip generation rates for use in evaluation of proposals. 
Consequently, this means that transport modes are split into just one type: private car. 
However, assessing the impacts of the new development on public transport and 
pedestrian network is as significant as car effects. 
Independent Variables 
Analysing travel mode choice can be regarded as a mapping from the 
explanatory variables associated with the travel modes and trip decision makers to the 
mode choice decisions (Zhang and Xe 2008). The mode choice behaviour of trip makers 
can be explained by three categories of factors: the characteristics of the available 
modes, the socioeconomic status of the trip maker, and the characteristics of the trip 
(Papacostas and Prevedouros 2001). Consequently, Ortuzar (2001) declare that a good 
MCM should include the most important of these factors. However, other factors such as 
built environment variables (Mohammadian and Rashidi 2011) have also been examined 
in the literature. 
Many researchers have acknowledged that trip characteristics including travel 
time (and therefore distance) and travel cost play a key role in modal split choice 
between auto and transit (Palma and Rochat 2000, Müller, Haase et al. 2007, Noreen 
2008). In this respect, Khan (2004) suggests that an individual will only consider 
walking and cycling modes when the travelling distance is significantly small. For this 
reason, Hensher (2008) emphasizes that mode choice might be entirely explained by 
measurable characteristics, such as time and cost.  
A number of studies have also recognized the influence of socioeconomic and 
demographic characteristics on mode choice. A wide range of variables, such as gender, 
age, household structure ( including household size, number of heads in the household, 
number of students in the household), employment status, number of vehicles per 
household, weekly working hours, net monthly income, and number of driving licenses 
can be found as socioeconomic and demographic variables in the literature (Garling 
2000, Jang 2003, Golob and Hensher 2006, Khan, Ferreira et al. 2007, Amador, de Dios 
Ortúzar et al. 2008, Muley, Bunker et al. 2009, Heinen and Bohte 2014). 
In this regard, Pettersson (2010) concludes that more trips will be made by car as 
income increases. However, Amador (2008) points out that the results of income effect 
should be considered with caution, as from an empirical point of view it can lead to 
confusion. Additionally, Muley (2009) indicates that car availability had the least effect 
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on mode choice of employees and students at an urban TOD village adjacent to a 
university. She also suggests that the older commuters show higher odds of using a car 
compared to younger commuters.  
Built environment variables have also been found to play an important role in 
mode choice (Mohammadian and Rashidi 2011). In this respect, Tracy et al. (cited in 
Abou-Zeid and Scott 2011) claim that the built environment is highly correlated to mode 
choice at the aggregate level of traffic analysis zones and the characteristics of the built 
environment impact specific modes differently.  
As one of the primary attempts, Khattak (2005) found that residents of the neo-
traditional neighbourhood make more walking and transit trips than residents of the 
conventional neighbourhood. Lin (2011) discovered that intersection density, building 
density, employment density and walkway quality encouraged a child to use transit 
systems or non-motorised travel modes for leisure travel. Noreen (2008) also suggests 
that densely populated places encourage walking to school. 
Broberg (2015) also identifies, in the Finnish context, distance between home 
and school, density of the built environment, personal safety and traffic safety, 
connectivity and the presence of open space or parks as the elements of the urban 
structure around homes and en route to school that promote children's ability to walk or 
cycle to school. 
Moreover, the effect of other parameters, such as the perceived level of comfort 
and accessibility of modes (Palma and Rochat 2000) as well as weather (Müller, Haase 
et al. 2007), on the modal split choice have been examined in the literature. However, all 
of the above mentioned variables are not commonly employed in TIAs. 
Modelling Techniques 
In terms of model development, mode choice models may be aggregate or 
disaggregate, depending on the level at which they are calibrated and applied 
(Papacostas and Prevedouros 2001). They can be aggregate if they are based on zonal 
(and inter-zonal) information. They can also be disaggregated if they are based on 
household and/or individual data (Ortuzar S. and Willumsen 2001). 
Traditional travel mode choice analysis is based mainly on disaggregate discrete 
choice models (Zhang and Xe 2008). The models that tend to represent the travel 
behaviour of the individuals when provided with a discrete set of travelling alternatives 
are commonly known as discrete choice models. These discrete choice models are 
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mostly based on the theory of utility maximisation, which visualises the individual as 
selecting that travelling mode that maximises his or her utility. The utility of an 
alternative is defined as the attraction associated to a particular travelling mode from an 
individual for a specific trip (Khan, Ferreira et al. 2004). 
Many recent studies have employed a utility maximisation approach to develop 
models (Johnston, Ferreira et al. 2006, Sirikijpanichkul, van Dam et al. 2007, Ye, 
Gottardi et al. 2007, Amith and Sivaramakrishnan 2008, Paulssen, Temme et al. 2014). 
Regarding theory, the three main models that are used for analysing data based on the 
utility maximisation approach are logit models, probit models, and multiple regression 
models, while the multinomial logit models are being increasingly applied for mode 
choice modelling (Abou-Zeid and Scott 2011). However, such complicated models are 
not generally favoured for use in TIAs. 
Because the multinomial logit model is not always suitable when some of the 
modes are inherently similar, the so-called nested logit may also be used, precisely to 
reflect these similarities. Within the nested structure, the first choice may be between the 
car and public transport, while, conditional in choosing public transport, there may be a 
further choice between bus and rail (Hensher and Button 2008).  
Choice of a logit or probit model to analyse mode-choice data depends on a 
number of factors, such as the realism of the distributional assumptions and the ease of 
estimation. Generally, probit models could be effectively estimated only for choice 
situations involving two modes (Barff, Mackay et al. 1982).  
At present, the issue of which model to choose remains an open question. 
Multinomial logit models have gained much popularity in travel mode analysis, mainly 
for their computational tractability (Reggiani and Stefani 1989). There are a vast number 
of studies that have used multinomial logit models (Sen, Sööt et al. 1978, Foerster 1979, 
Gaudry 1981, El-Hifnawi 1996, Bhat 1997, Mamun 2003, Bhat and Sardesai 2006, 
Müller, Haase et al. 2007, Frank 2008, Park 2008, Muley, Bunker et al. 2009, Lin and 
Yu 2011) and nested logit models (Saiyed 1999, Palma and Rochat 2000, Bhiromkaew 
2006, Khan, Ferreira et al. 2007, Amador, de Dios Ortúzar et al. 2008, Bohluli, Ardekani 
et al. 2014) to create mode choice models.  
However, other methods such as disaggregate discrete model (McCarthy 1982, 
Stern 1993), stepwise multiple linear regression model (Ogunjumo and Fagbemi 1991), 
cross-sectional model (Karthik and Bhargavi 2007), cross-classified multilevel 
modelling approach (Ding, Lin et al. 2014), vector machine model (Zhang and Xe 
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2008), and entropy maximisation model (Jörnsten and Lundgren 1989) have also been 
attempted by researchers to analyse mode choice.  
Overall, different types of model structure and independent variables are being 
employed to develop MCMs as shown in Figure 2.3. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3. Relationship among variables, models, and modal split stage. 
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majority of research on trip chaining has appeared to focus on work travel only (Taylor, 
Tisato et al. 2008).  
In a routine daily travel pattern, it is expected that a set of consecutive trips is 
performed by individuals. These composed trips include a pair of trips that begin from a 
location and return to that location to accomplish a primary activity with none, one, or 
more intermediate stops of any duration to fulfil a number of secondary activities 
through travel. This combination of successive trips by an individual is entitled a ‘tour’ 
or a ‘trip-chain’.  
Depending on the number of intermediate stops within the tour or chain, the tour 
may be classified into two categories: simple and complex (Davis, Dueker et al. 1994, 
Golob and Hensher 2006, Ye, Gottardi et al. 2007, Taylor, Tisato et al. 2008). A tour 
without any intermediate stop is defined as a simple tour, whereas a tour with one or 
more stop in the way of the main destination is defined as a complex tour. In addition, 
tours can be classified as work tours and non-work tours according to whether work trips 
are involved (Davis, Dueker et al. 1994, Golob and Hensher 2006, Ye, Gottardi et al. 
2007, Wu and Ye 2008). 
Other trip classifications related to specific purposes can also be observed in the 
literature. In the case of traffic impact assessment for new developments, for instance, 
trips are divided into three different types: primary trips, pass-by trips, and diverted 
linked trips. Both pass-by and diverted linked trips may be part of a multiple-stop chain 
of trips (Vaziri, Aneja et al. 1999, Hooper and Institute of Transportation Engineers 
2004). 
The increase in trip chaining probably is an activity type effect (Schoemakers, 
Timmermans et al. 2008). Individual activities have been classified by various methods 
in the literature dependent upon data availability and research purpose.  However, there 
is no research examining land use types with respect to trip chaining. The only source 
related to this matter is the ITE Trip Generation Handbook (Hooper and Institute of 
Transportation Engineers 2004), which has identified 22 land use types affected by trip-
chaining. 
In general, activities are divided into two to three main categories with a number 
of trip purposes in each category. The simplest activity classification used by Hildebrand 
(2003), Jang (2003), Arentze (2005), and Timmermans (2007) include 
mandatory/obligatory and discretionary activities. In order to create a more precise 
definition, Hickman (2007) divided activities into three categories: subsistence, 
Chapter 2:  Literature Review  
Amir Mousavi Page 29 
maintenance, and discretionary activities. He defined subsistence activities as activities 
which are essential to providing the financial requirements for pursuing maintenance and 
discretionary activities (i.e., activities associated with work or work-related business). 
Maintenance activities are also described as the purchase and consumption of goods and 
services to satisfy household/personal physiological needs and biological needs, while 
discretionary activities are social and recreational pursuits motivated by cultural and 
psychological needs. Indeed, maintenance activities consist of activities that are more or 
less obligatory, but there is a large choice in frequency, location, and duration (Spissu, 
Bez et al. 2007). But these activity classifications are not employed for use in TIA. 
Overall, the findings from trip-chaining studies related to activities shows that the 
presence and number of obligatory activities influence the presence and number of 
discretionary activities (Jang 2003), and that out-of-home maintenance and discretionary 
activities are usually performed in sequence in the same trip-chain (Lee, Hickman et al. 
2007). Daily shopping, services, and eating (out of home) activities also indicate more 
trip chaining (Wets, Timmermans et al. 2009). Shopping trips are the most likely type of 
trip to be chained, particularly with work trips (Cervero and Duncan 2006). 
The conventional data collection method for use in trip chaining analysis is the 
Household Travel Activity Diary (HTAD) survey. However, such a comprehensive 
survey is not accepted to predict the pass-by trip percentage in a TIA study. For this 
reason, Vaziri (1999) extracted pass-by trip information for shopping centres from the 
ITE Trip Generation Manual database. 
Generally, HTADs provide a wealth of information on the travel patterns of 
individuals and households and contain information on linked trips and travel behaviour 
patterns that can be compared with socio-demographic factors of individuals, therefore it 
is possible to extract trip chaining characteristics of travel from them. According to the 
objective of the research and its assumptions, HTADs can be different in duration, 
implementation methods and instruments, participants, and the like. 
One-day HTAD (Davis, Dueker et al. 1994, Bhat 1997, David and April 2000, 
Kuppam and Pendyala 2001, Golob and Hensher 2006, Lee, Hickman et al. 2007, 
Cynthia, Hongmian et al. 2008, Wu and Ye 2008, Koppelman, Boyce et al. 2009, 
Noland, Schmöcker et al. 2010, Chu, Chen et al. 2014) and two-day HTAD (Golob 
2000, Vande Walle and Steenberghen 2005, Taylor, Tisato et al. 2008) are the most 
common periods that can be observed in the literature.  
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Modelling Techniques 
Based on the literature, the most prevalent approach to model trip chaining 
follows the Random Utility Maximization (RUM) framework rooted in the economic 
theory of consumer choice (Lee and McNally 2006). The mathematical forms of the 
RUM framework, which associate choice probabilities with attributes of the alternatives, 
include multinomial logit models, linear probability models, and probit models. The 
multinomial logit model, however, has the advantage of representing reasonable (and, in 
most cases, testable) hypothesis about choice behaviour while remaining tractable for 
empirical estimation and forecasting (Adler and Benakiva 1979). 
In practice, the most commonly used discrete choice model is the multinominal 
logit model (Adler and Benakiva 1979, Davis, Dueker et al. 1994, Bhat 1997, 
Timmermans, Krygsman et al. 2007). It is commonly used in practice because it can be 
estimated conveniently, without using any approximation methods (Huang and Wang 
2008). Instead of the multinomial logit model, the nested logit model (Theo and Michel 
1998, David and April 2000, Lawton, Frank et al. 2008) groups the alternatives that are 
dependent on each other together (Huang and Wang 2008). In addition, other types of 
RUM framework applications, such as simultaneous doubly-censored Tobit models, 
(Lee, Hickman et al. 2007), the bivariate ordered probit model (Wu and Ye 2008) and 
ordered probit model (Noland, Schmöcker et al. 2010), can be found in the literature. 
Beside the RUM framework, other approaches such as regression analysis 
(Hildebrand 2003, Lee and McNally 2006), time-space prisms (Kondo and Nishii 1992), 
and structural equations modelling system (Kuppam and Pendyala 2001, Jang 2003, 
Habib and Islam 2012, Chu, Chen et al. 2014) have been examined in the literature to 
achieve better insight into trip chaining behaviour and individuals’ travel patterns. But 
these kinds of model structures have a timely and costly nature that prevents their use in 
pass-by trip estimation in TIAs. 
Apart from these approaches, other techniques for use in trip chaining modelling 
are found in the literature. For instance, a trip generation model using a time-use 
perspective was developed by Golob (2000) to develop and test a household trip 
generation model that jointly forecasts three sets of endogenous variables - activity 
participation, trip chaining, and travel time - as a function of household characteristics 
and accessibility indices. Moreover, Steed (2002) employed a continuous-time hazard 
duration model for urban shopping trip departure time choice.  
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Independent Variables 
Most studies agree that the forces behind the formation of complex work chains 
are related to demographic, socioeconomic, and urban form characteristics (Adler and 
Benakiva 1979, Davis, Dueker et al. 1994, David and April 2000, Golob 2000, Hsu and 
Hsieh 2004, Arentze and Timmermans 2005, Golob and Hensher 2006, Lee, Hickman et 
al. 2007, Timmermans, Krygsman et al. 2007, Wu and Ye 2008).  
Overall, the most examined factors in trip-chaining literature include household 
composition and life cycle stage, age, gender, marital status, income, employment status, 
car availability, residential density, and transit accessibility. However, day-of-week, 
time-of-day, travel time, level-of-service of travel, and work duration have been found as 
tested variables in the literature as well.  It is noteworthy that in a few cases, the results 
are not consistent among the studies. This might be because of the different assumptions 
and variables’ categorisation, which have been dictated by data availability. Table 2.1 
shows the most applied variables and compares their effects on trip chaining. 
Table 2.1  
The Most Influential Variables on Trip Chaining and Their Effects 
Characteristics Main Variables Effects 
Demographic 
• Household Structure  The number of household heads and their working status have effect in 
generating trip-chains (Lee, Hickman et al. 2007) 
 Larger households tend to make less complex tours (Ye, Pendyala et al. 
2007) 
 The presence of young children increases tour complexity (Schmöcker, Su 
et al. 2010) 
• Age  Young commuters are less likely to pursue complex non-work tours (Ye, 
Pendyala et al. 2007, Wu and Ye 2008) 
 Trip-chaining peaks at ages between 45 and 54 (Schmöcker, Su et al. 2010) 
 Older people tend to make less stops during the work commute (Kuppam 
and Pendyala 2001) 
• Gender  Females undertake more complex trip-chains (Schmöcker, Su et al. 2010) 
 Males pursue simpler work trip patterns (Primerano, Taylor et al. 2008) 
• Marital Status  Married women are more likely to make stops (Bhat 1997) 
Socioeconomic 
• Income  Higher income households have more complex tours(Schmöcker, Su et al. 
2010) 
• Employment  Part time employment is positively associated with stop numbers 
(Schmöcker, Su et al. 2010) 
 College and high school students tend to make additional trips on the way 
to the workplace (Schmöcker, Su et al. 2010) 
 Retired persons are  more inclined to make non-work trips in the AM peak 
(Ye, Pendyala et al. 2007, Wu and Ye 2008) 
• Car Ownership  Using the car is associated with more complexity (Schmöcker, Su et al. 
2010) 
Urban Form 
• Population Density 
• Residential/retail/ 
employment density 
• Distance to Transit 
• Street connectivity 
 Metropolitan area residents are more likely to form complex trip-chains 
(Kuppam and Pendyala 2001) 
 Density of opportunities increases trip chaining propensity (Krygsman, 
Arentze et al. 2007) 
 Neighbourhood/regional accessibility decreases tour complexity (Krizek 
2003) 
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Altogether, development of a useful and practical model of trip chaining requires 
identification of the relationships between trip chaining behaviour and land use, and 
other explanatory variables (Kitamura 1984). Figure 2.4 illustrates the most applied 
independent variables and model structures in trip chaining studies. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4. Relationship among variables, models, and trip chaining study. 
2.2.1 Trip Generation and Trip Chaining Interaction 
A review of the literature related to the interaction between trip generation and 
trip chaining shows that very few studies have been performed in this area. In this 
respect, Lin (2009) states that mixed land use creates opportunities for increasing 
numbers of pass-by and multipurpose trips and directly reducing trip generation. A 
sensitivity test conducted by Koppelman (2009) also showed that a new factory 
employing 1,000 workers would attract 125 new non-work trips to the surrounding area 
on an average day as a result of stops on the way to and from work.  
In general, mixed uses reduce travel by eliminating or shortening vehicle trips by 
capturing travellers at new, more convenient destinations. This can occur as a result of 
pass-by capture, such as when motorists make an intermediate stop along the route, for 
example, to buy petrol; or route diversions, such as when someone makes a small detour, 
for example, to buy a loaf of bread (Cervero and Duncan 2006). 
Retail-oriented developments such as shopping centres, discount stores, 
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trips from traffic passing the site on the way from an origin to an ultimate destination. 
These retail trips may not add new traffic to the adjacent street system (Hooper and 
Institute of Transportation Engineers 2004).  
In terms of trip generation estimation, accuracy in the number of trips generated 
is important for forecasting future transportation infrastructure needs in the region. Trip 
generation is mainly measured by the trip generation rate, defined by the daily sum of 
trip production and trip attraction in a Traffic Analysis Zone (TAZ) divided by the total 
area of a TAZ in units of trip numbers/100 square metres (Lin and Yang 2009) 
approximating the ITE manual’s rate per 1,000 square feet. Consequently, due to the fact 
that only the primary trips constitute the additional traffic on the adjacent roadways, it is 
necessary to isolate the pass-by trips from the total trips to obtain the actual number of 
primary trips generated by the new development (Vaziri, Aneja et al. 1999). For this 
reason, the ITE’s Trip Generation Handbook (Hooper and Institute of Transportation 
Engineers 2004) emphasises that the pass-by trip phenomenon, if estimated to be 
significant, should be recognised when examining the traffic impact of a development on 
the adjacent street system. In this regard, the handbook does contain adjustments for 
pass-by captures and route diversions for just 22 land uses for which ITE received and 
compiled pass-by and diverted linked trip data. 
Traditional pass-by trip analyses have attempted to correlate pass-by trip 
percentages (i.e., percentage of the total number of trips generated by a site) with units of 
occupied site development (Hooper and Institute of Transportation Engineers 2004). 
Several factors influence the percentage of pass-by trips that a certain land use will 
attract. The ITE’s Trip Generation Report (The Institute of Transportation Engineers 
2008) lists Gross Leasable Area (GLA) and Average Daily Traffic (ADT) on the 
adjacent roadway as the primary variables determining the percentage of pass-by trips 
attracted by shopping centres. Other researchers have also identified Level-Of-Service 
(LOS) on the adjacent roadway as a possible factor affecting the percentage of pass-by 
trips (Vaziri, Aneja et al. 1999).  
The traditional method of pass-by trip estimation is regression modelling with 
the help of the ITE’s Trip Generation Report. However, Vaziri (1999) introduced an 
alternative methodology based on Artificial Neural Networks to estimate the percentage 
of pass-by trips generated by a shopping centre. He claims that this approach has the 
capability of representing the relationship between the percentage of pass-by trips and 
the independent variables more accurately than regression analysis at no additional 
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monetary costs, because it can capture the nonlinear relationship between the percentage 
of pass-by trips and the variables GLA and ADT.  
2.2.2 Mode Choice and Trip chaining interaction 
The relationship between mode choice and the complexity of trip chaining 
patterns has been widely considered by researchers (Bhat 1997, Wegmann and Jang 
1998, Srinivasan 2002, Vande Walle and Steenberghen 2005, Timmermans, Krygsman 
et al. 2007, Ye, Gottardi et al. 2007, Cynthia, Hongmian et al. 2008, Huang and Wang 
2008, Lawton, Frank et al. 2008, Taylor, Tisato et al. 2008, Wu and Ye 2008, Noland, 
Schmöcker et al. 2010, Habib and Islam 2012).  
In general, the need to undertake trip chaining activities has a dominant impact 
on travellers’ travel choice (Huang and Wang 2008). In this respect, Timmermans 
(2007) and Bhat (1997) suggested that the choice of transport mode, and the choice of 
including intermediate activities on a work tour, are interrelated. In other words, there is 
bidirectional causality between mode choice and tour complexity (Ye, Gottardi et al. 
2007). 
On one hand, the LOS of travel between home and work affects the number of 
stops during the work commute since LOS is a function of mode chosen (Bhat 1997). 
On the other hand, Ye (2007) pointed out that the dominant relationship between mode 
choice and the complexity of trip chaining patterns is one in which people make 
decisions regarding their activity agendas or tour complexity first, and this decision 
drives the mode choice decision. He found that the activity agenda or tour formation 
drives mode choice for both non-work and work tours. This finding is consistent with the 
Timmermans’ (2007) results, stating that intermediate activity choices are made before 
mode choice in most cases. He suggests that the transport mode and, in particular, the 
choice between car and public transport, is most often ‘adjusted’ to the choice of trip 
chaining rather than the other way round. In addition, Habib (2012) discovered that for 
work tours in weekdays, trip chaining and mode choice decisions are simultaneous and 
remain consistent across the weeks. For non-work tours in weekdays, mode choice 
decisions precede trip-chaining decisions. However, for non-work tours on weekends, 
trip-chaining decisions precede mode choice decisions. 
In some trip chains, one trip in the chain prevents the whole trip chain being 
made by a certain mode (Vande Walle and Steenberghen 2005). As Hanson and Schwab 
(cited in Cynthia, Hongmian et al. 2008) found, unless the first trip in a tour is a trip to 
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work, the mode choice of a tour is determined by all trips in a tour. Then, this trip 
determines which mode will be used for the whole chain. 
The complexity of a tour is also found to have a negative influence on the choice 
of using mass transit. Vande Walle (2005) found that the inability to use mass transit for 
a single trip in a tour prevented the person from using mass transit entirely. In general, 
people typically decide which mode to use for the entire tour before leaving home, 
taking into account not only the first destination, but both the outbound and return trips 
and any necessary intermediate stops. It is true, however, that walking may substitute for 
car or transit for some trips during a tour (Lawton, Frank et al. 2008). 
In terms of the choice between private vehicles and public transport, many 
researchers (Wegmann and Jang 1998, Ye, Gottardi et al. 2007, Wu and Ye 2008) agree 
that private vehicles are the predominant transportation mode in the trip-chaining 
behaviour of workers. In this respect, Ye (2007) found that there is a clear correlation 
between auto use and trip chain complexity. This is consistent with Hensher and Reyes 
(cited in Taylor, Tisato et al. 2008) results which found a negative correlation between 
the complexity of trip chains and the likelihood of using public transport. 
As individuals move from a simple tour to an increasingly more complex tour, 
the likelihood of using public transport decreases with the increasing number of links in 
the chain (Noland, Schmöcker et al. 2010). In general, unobserved factors that increase 
the preference for the auto mode also increase stop-making propensity, while 
unobserved factors that increase the preference for the shared-ride mode decrease stop-
making propensity (Bhat 1997). 
Commonly, if a tour entails more stops, the probability of choosing auto is 
increased (Cynthia, Hongmian et al. 2008). Toint and Cirillo (cited in Vande Walle and 
Steenberghen 2005) found that complex trip patterns are preferably executed by car. 
Huang (2008) also concluded that trip chaining activity is a significant factor 
encouraging travellers to use private vehicles. This might be because the trips that cannot 
be made by public transport are generally made by car. Vande Walle (2005) reveals that 
if no or insufficient public transport is available for only one trip in a long trip chain, no 
public transport will be used by the traveller. 
Typically, for complex transport modes involving mode chaining and many 
transfers, such as public transport modes, the utility for the insertion of intermediate 
activities on the tour decreases. Simple private transport modes are more readily 
associated with intermediate activities on the tour. This supports the general notion that 
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complex transport modes lead to simple activity chains while simple transport chains 
lead to complex activity chains (Timmermans, Krygsman et al. 2007). 
Trip chaining among transport modes are also quite different. With mass public 
transport, a traveller may choose a destination with mixed land-uses containing a variety 
of activities in close proximity to one another that are reachable by non-motorised forms 
of transport. On the other hand, the type of trip chaining undertaken by private car could 
involve visiting a number of locations that are not necessarily in close proximity to each 
other, requiring a more flexible mode of transport than that offered by mass public 
transport (Taylor, Tisato et al. 2008). 
Further, Srinivasan (2002) acknowledges that in non-work tours, walk/bike is 
usually the mode of choice if the trip does not involve many activities, while auto is the 
mode of choice if trip linking is planned. Similarly, Wu (2008) explains that the walk 
time between the workplace and the nearest bus stop is found to be a significant factor 
influencing trip-chaining behaviour before work. He suggests that a long-distance walk 
between the bus stop and the workplace takes up much time from commuters’ time 
budget and thereby discourages them from undertaking additional activities during the 
commute.  
2.3 CONCLUSION 
The review of the current literature of TGMs, MCMs, and trip chaining 
behaviour has revealed that chaining of trips has direct effects on both trip generation 
and mode choice (Figure 2.5). In fact, trip generation estimation for use in TIA should be 
adjusted under the trip chaining phenomenon. Further, the complexity of a tour has a 
negative influence on the choice of using mass transit while having a positive impact on 
the probability of choosing auto. 
 
 
 
 
 
 
Figure 2.5. The overall effect of trip chaining on trip generation and mode choice. 
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The literature review for this research has also provided an excellent opportunity 
to determine the perfect model structure for creating a combined trip generation and 
mode choice model with the consideration of trip chaining effects as well as the 
independent variables which have direct influences in trip generation, mode choice, and 
trip chaining simultaneously.  
A simple comparison among most accepted modelling techniques for each of trip 
generation, mode choice, and trip chaining shows that the (multiple) regression analysis 
is the only model structure which can be applied for all of these parts (shaded boxes in 
Figure 2.6). Consequently, the multiple regression analysis is selected for model 
development. 
 
 
 
 
 
 
 
 
 
Figure 2.6. Identical model structure accepted for creating a combined trip generation, mode choice, and 
trip chaining model. 
Similarly, Figure 2.7 illustrates that the socioeconomic, demographic, and urban 
form characteristics (shaded boxes) are influential in all of the trip generation, mode 
choice, and trip chaining stages. Accordingly, it is expected to employ these variables for 
model development. However, independent variable selection for each of these 
categories directly depends on the availability of data.  
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Figure 2.7. Identical independent variables for use in a combined trip generation, mode choice, and trip 
chaining model. 
Finally, in terms of TIA studies, it is concluded from the literature that a 
combined model of trip generation and mode choice with the consideration of trip 
chaining effects based on socioeconomic, demographic, and urban form variables has 
not been created so far. As a result, developing such a model will be a new phenomenon 
in the literature. 
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3Chapter 3:  Stakeholder Organisations 
Survey 
As detailed in section 1.4.5 - Research Framework, Stage One: Preliminary 
Investigation, it was planned to discover the particular land use development type with 
the most effect on trip chaining through discussion with relevant public and private 
sector stakeholders, who are involved in Transport Impact Assessment (TIA). This 
chapter provides the findings from the stakeholder organisations survey. 
The first part of this chapter presents a brief discussion on the rationale of the 
survey. The second part of this chapter contains a review of the existing trip generation 
databases worldwide. This review covers different methods for trip generation database 
preparation, particularly in terms of database style and parameters. The stakeholder 
organisation survey and its survey methodology are discussed in the following sections. 
Finally, the last part of this chapter presents findings from the survey. The results from 
the survey lead to the selection of a land use development type with the most effect on 
trip chaining for model development. 
It should be noted that findings from this investigation have been published in 
the journal, Road & Transport Research (Mousavi, Bunker et al. 2012).  
3.1 BACKGROUND 
As indicated in section 1.4.5, a combined trip generation and mode choice model 
for a land use development type will be developed in this research, for which the 
interaction among trip generation, mode choice, and trip chaining is applied in the 
model. While the model will estimate both trip generation and mode choice with 
consideration of the effect of trip chaining, the selected land use development type is 
preferred to be the one which has the greatest effect on trip chaining. However, there is 
no research examining land use types with respect to trip chaining.  
The only source in relation to trip chaining effects is the USA Institute of 
Transportation Engineers (ITE) Trip Generation Handbook (Hooper and Institute of 
Transportation Engineers 2004), which has identified 22 land use types that are affected 
by trip chaining. This small number of land uses means that the land use types affected 
by trip chaining are still unknown, as most studies associated with the trip chaining 
Chapter 3:  Stakeholder Organisations Survey  
Amir Mousavi Page 40 
phenomenon have been focused on individuals’ activities (Hildebrand 2003, Tae Youn 
2003, Arentze and Timmermans 2005, Krygsman, Arentze et al. 2007, Lee, Hickman et 
al. 2007) instead of land use types themselves. 
As a result, in order to identify the land use development type with the greatest 
effect on trip chaining, it was planned to undertake an online survey to investigate the 
views and experiences of Australian traffic and transport professionals in terms of trip 
chaining. Eventually, by considering the results of the survey, a proposed land use 
development type for model development can be specified based upon the result of the 
survey. 
In addition, a review of the literature in section 2.1.1 revealed that the most 
important source related to trip generation in Australia is the New South Wales Roads 
and Traffic Authority (RTA) Guide to Traffic Generation Developments (The New 
South Wales Roads and Traffic Authority 2002). Other state road authorities including 
Queensland (The Queensland Department of Transport and Main Roads 2006) and 
Western Australia (The Western Australia Department for Planning and Infrastructure 
2006) as well as The Australian and New Zealand Road Transport and Traffic 
Authorities Association (AUSTROADS 2009) have published guidelines for TIA 
preparation, which are in some manner based on this database. 
The RTA database contains trip generation equations and rates for 34 different 
land use types. This small spread of land use types in comparison with the ITE trip 
generation report might be because of the small size of the database, which is not large 
enough to be statistically significant for model development. From this it may be 
concluded that there is a paucity of data related to trip generation estimation for use in 
TIAs in Australia. 
Consequently it was considered appropriate that, as part of the survey, the views 
and experiences of Australian traffic and transport professionals about practical 
problems and issues in terms of trip generation and trip chaining for use in a typical TIA 
in the Australian context also be investigated. With the results from this part of the 
survey, the reasons for the possible issues associated with the use of trip generation and 
trip chaining in TIAs can be identified. 
3.2 TRIP GENERATION DATABASES 
RTA (2002) has created a national database related to trip generation in 
Australia. The RTA database contains information on vehicle trip rates for 34 land uses 
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divided into nine land use categories. These include: residential, casual accommodation, 
office and commercial, retail, refreshments, recreational and tourist facilities, road 
transport facilities, industry, and health and community services. The document only 
provides an average trip rate based on daily vehicle trips and peak hour vehicle trips. The 
database was created in 1984 and was last updated in 2002. The most commonly used 
parameters for the RTA database are Gross Floor Area (GFA) and dwelling units.  
Apart from the RTA database, other trip generation databases are published by 
other countries’ road and traffic authorities. The most well-known source associated with 
trip generation equations and rates worldwide is the Trip Generation Manual (Institute of 
Transportation Engineers 2008), which is published and updated regularly by The 
USA’s ITE. The ITE Trip Generation Manual (Institute of Transportation Engineers 
2008), 8th edition, consists of two data volumes with land use descriptions, trip 
generation rates, equations and data plots. Data is included from more than 4,800 sites 
and 162 land uses. For the purposes of estimating trip generation, an independent 
variable is defined as a physical, measurable and predictable unit describing the study 
site or trip generator (e.g. GFA, employees, seats, dwelling units). The most commonly 
used parameters in the ITE database are GFA, Gross Leasable Area (GLA), number of 
seats, number of employees and dwelling units. 
The New Zealand Trips Database Bureau (TDB) also provides a trip generation 
database containing approximately 693 New Zealand sites and 192 Australian sites from 
the RTA. The information is retained at site-by-site levels. Trip rates can be calculated 
using a variety of parameters or data fields. The most common is the rate per 100m² of 
GFA. This parameter is normally surveyed and trip rates for all surveyed sites are 
calculated on this basis initially. The following six parameter fields are included in the 
database as being common to a large proportion of land-use groups and wherever 
possible, all six should be observed and recorded: GFA, site area, employees, residential 
units, people or occupants  and car parking spaces (Douglass and Abley 2011). 
In the UK, Trip Rate Information Computer System (TRICS) is used as a trip 
generation database. TRICS contains traffic count information for over 3,199 individual 
sites and 110 land-use sub-categories. Most land use categories will have one to four 
variables, or parameters, by which trip rates can be calculated. GFA, employee numbers, 
parking spaces and site area are extensively applied to a wide range of land uses when 
calculating trip or parking rates. The most common parameter fields in the TRICS 
database are GFA, parking spaces and site area (Douglass and Abley 2011). 
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In terms of trip chaining effects, none of the TRICS, TDB and RTA databases 
contains information associated with ‘primary’, ‘pass-by’ and ‘diverted’ trips. As stated, 
the only source related to this matter is the ITE Trip Generation Handbook (Hooper and 
Institute of Transportation Engineers 2004) which has identified 22 land use types 
affected by trip chaining.  
A summary of the above databases’ features is shown in Table 3.1. The table 
clearly shows that there is not an accepted method for trip generation database 
preparation, particularly in terms of database style and parameters. Lack of appropriate 
knowledge and adequate data related to affected land use types from trip chaining is also 
evident from the literature. Consequently, such deficiencies associated with trip 
generation and trip chaining data may lead to serious issues in the preparation of TIAs. 
Table 3.1 
Trip Generation Sources Feature Summary (adopted from Douglass and Abley 2011) 
 Database Features 
TDB              
(New Zealand) 
TRICS 
(UK) 
ITE     
(USA) 
RTA 
(Australia) 
 Database 
Style 
 Spreadsheet 
Format 
 Yes  No  No  No 
 Own Software  No  Yes  Yes  No 
 Online Version   No  Yes  No  No 
 Hardcopy  No  No  Yes  Yes 
 Site-By-Site Level  Yes  Yes  No  No 
 Database 
Parameters 
  
  
 Frequently Used 
Parameters 
 GFA, site area, 
employees, 
residential 
units, people or 
occupants, car 
parks 
 GFA, 
parking 
spaces, 
site area 
 GFA, 
GLFA, no. 
of seats, 
 employees
, dwelling 
 units 
 GFA, 
dwelling 
units, 
 GLFA 
Note: GFA = Gross Floor Area; GLFA = Gross Leasable Floor Area. 
 
3.3 STAKEHOLDER ORGANISATIONS SURVEY 
To deal with the points presented in the above sections, a discussion with 
relevant public and private sector stakeholders, which are involved in TIA, is critical. 
Hence, an online survey was conducted to investigate the views and experiences of 
Australian traffic and transport professionals about trip chaining and its interaction with 
trip generation as well as the most affected land use type by trip chaining topic. Practical 
problems and issues in Australia in terms of trip generation and trip chaining for use in 
TIA for new land developments were also investigated through the survey. As a 
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consequence, at the end of the survey, a proposed land use development type for model 
development and the reasons for the issues associated with the use of trip generation and 
trip chaining in TIAs in the Australian context were identified. 
It should be noted that the stakeholder organisations survey involved human 
participants, being Australian traffic and transport professionals. As a result, ethical 
clearance was obtained from Queensland University of Technology’s (QUT’s) Research 
Ethics Unit to ensure that the data collection method complied with QUT’s Human 
Research Ethics Policy and Guidelines. 
3.4 SURVEY METHODOLOGY 
Participants of this survey were traffic and transport professionals who are 
working or have worked in the field of transport engineering and planning around 
Australia. They were asked to fill out an online questionnaire. Participants were invited 
through an invitation email, which was sent directly to the heads of the stakeholder 
organisations who are working in the transport area. The target organisations include 
universities/academic institutes, professional bodies (e.g. Engineers Australia, Australian 
Institute of Traffic Planning and Management Inc.), city/regional councils, state 
government road and traffic authorities, well established engineering consultants and 
private companies such as Austraffic, and industry organisations such as NRMA (New 
South Wales National Roads and Motorists’ Association), RACQ (Royal Automobile 
Club of Queensland), and the like. The invitation email requested that the recipient 
forward the email to any professionals in the field of transport within the organisation 
who might be working on related projects. 
The survey embraced an online questionnaire design based on the 
SurveyMonkey.com.au website platform. The questionnaire contained 21 questions 
divided into four parts including: Participant Information, Trip Generation Database, 
Trip Generation Rates/Models, and Trip Chaining Effects (see Appendix A for actual 
questions). The questions included short answers, ticking, rating, and ranking questions. 
Avoiding unskilled responses, participants were able to skip any of the questions at any 
time, as none of the questions were mandatory. All comments and responses were 
anonymous and were treated confidentially.  
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3.5 SURVEY RESULTS 
The survey commenced on 1 June 2011 and the responses were collected until 
the end of August 2011. All comments and responses were treated confidentially as the 
names of individual persons were not required in any of the responses. All data collected 
as part of this project was stored securely as per QUT’s Management of Research Data 
Policy. 
Altogether, 154 participants completed the survey. However, 116 responses were 
considered for data analysis as 38 of respondents only answered to the personal 
information section. This might have occurred for those not familiar with trip generation 
and trip chaining and/or TIA studies. For this reason, the empty questionnaires were 
removed from the responses’ database in order to prevent biased examinations.   
It is noted that the 116 responses might be deemed to be a relatively small 
sample size which may cause some statistical bias in the results. However, there is no 
record of the actual total number of traffic and transport professionals who are working 
or have worked in the field of transport engineering and planning around Australia. As a 
result, it is not possible to identify a minimum sample size for this survey. Therefore, the 
116 responses were considered sufficient for the purpose of the survey.  
3.5.1 Participants’ Demography 
The “Participant Information” part of the survey was intended to provide 
demographical information of the respondents. It contained six simple questions as 
shown in Table 3.2. Type of degree was divided into Associate Diploma, Advanced 
Diploma, Bachelor Degree, Master and PhD, while type of employer was categorised as 
Private Company/Partnership, Public Sector, Academic/Research Institute and Self-
employed. 
Table 3.2 
Survey Questions Associated with the Participant Information Section 
Question Type 
1. What is your highest degree? Multiple choice 
2. What is your major field? Short answer 
3. What is the type of your current/more recent employer? Multiple choice 
4. What is your current/more recent position? Short answer 
5. Are you currently working in the field of transport? Yes/No answer 
6. How long have you been working in the field of transport? Short answer 
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In terms of Question 1, 5.3% of the participants held an Associate Diploma while 
participants with an Advanced Diploma were 6.1% (Figure 3.1). Bachelor degree 
(52.6%) was the most frequent degree among respondents, followed by Master degree 
(28.1%). Finally, 7.9% of respondents held a PhD degree. This finding is consistent with 
the result of engineering profession statistics prepared by the Institute of Engineers 
Australia (Kaspura and Engineers 2013), which suggests that the majority of qualified 
engineers held a Bachelor’s Degree in engineering. 
 
Figure 3.1. Participants’ highest degree (Question 1) 
The participants were also asked about their major field (i.e. Question 2). Table 
3.3 presents the classification of the respondents’ qualification and its quantity.  
Table 3.3 
Major Field of Respondents (Question 2) 
Major Field 
Number of 
Responses 
Percentage 
Traffic/Transport Engineering 45 40.9% 
Civil Engineering 25 22.7% 
Transport Planning 14 12.7% 
Others 8 7.3% 
Transport Planning/Traffic Engineering 7 6.4% 
Urban/Regional/Town Planning 5 4.5% 
Transport/Land Use Planning 2 1.8% 
Development Assessment 2 1.8% 
Transport Policy 2 1.8% 
 
The table shows that more than three quarters of the participants have a 
qualification either in Civil Engineering or in Traffic and Transport Engineering and/or 
Planning. In other words, nearly 13% of the respondents have a qualification that is not 
overtly within the field of Transport. It is noted that this does not preclude an individual 
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from working in the transport sector. It can also be extracted from the table that 7.3% of 
participants have qualifications other than in the categories shown in the table. These 
qualifications include Public Transport, Geography, Social Sciences, Health Promotion, 
Mechanical Engineering, Environmental Science, Traffic Psychology, and Surveying.  
It is also noteworthy that 6 out of the 116 analysed questionnaires did not have 
any answer to this question. This might derive from the point that their degrees are not a 
direct fit to the field of transport. If this assumption is true, then the proportion of 
irrelevant qualifications will be raised to 12.1%. Consequently, it can be concluded that 
either some people responded to the survey who are not relevant, or there is some lack of 
transport and traffic professionals in Australia. 
In terms of Question 3, which was associated with the participant’s employer, 
44.2 and 42.5 per cent of respondents specified their current or most recent employer as 
public sector and private company/partnership respectively. This suggests that the 
responses have covered both public and private sectors’ perception in a balanced manner 
and that these two areas of employment dominated the survey. Further, 
academic/research institute employers gained 7.1% of responses followed by the self-
employed with 6.2%.  
Question 4 was associated with the participants’ current or more recent position. 
Figure 3.2 illustrates the percentage of the respondents’ position divided into different 
categories. The pie chart clearly shows that more than three quarters of respondents 
serve in active project positions, while 13.8% of participants were appointed in a senior 
position. Academic positions covered 5.5% of respondents. 
 
 
Figure 3.2. Participants’ current/more recent positions (Question 4) 
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In response to the question whether the participant is currently working in the 
field of transport (Question 5), 103 persons (88.8%) replied yes and 10 persons (8.6%) 
answered no while 3 persons (2.6%) skipped the question. 
Finally, with respect to Question 6 in relation to the respondents’ work 
experience in the field of transport, the response range was between 1 and 50 years. The 
number of responses to this question was 111 and the average work experience of the 
participants was 18 years. Figure 3.3 illustrates the number of respondents and the 
percentage of them respectively, divided based on a five-year work experience intervals. 
The bar chart in Figure 3.3 indicates that participants with five years’ work experience or 
less are most prevalent amongst respondents, followed by those with between 10 and 15 
years’ involvement. The number of respondents with more than 30 years’ practice is 
nearly as high. However, this bracket is much wider than the others (i.e. this bracket 
covered the respondents with work experience between 30 and 50 years while the other 
brackets are divided based on a five-year interval of work experience) so direct 
comparison is not appropriate. Nevertheless, it accords with a broadly held view of an 
ageing workforce in the sector. It can be concluded that about half of the respondents 
have fewer than 15 years’ work experience, which is also high. Perhaps most significant 
is the lower representation in the mid-career band between 15 and 30 years of 
experience, which also accords with the popularly held view of an ‘hourglass’ shape of 
the workforce in this sector.  
 
Figure 3.3. Respondents’ Work Experience (WE) in the transport profession (Question 6) 
Overall, the survey does contain a wide range of participants with various levels 
of experience, qualifications, and attitudes. For this reason, the survey provides reliable 
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trip generation as well as practical problems and issues in terms of trip generation and 
trip chaining for use in TIA in Australia. 
3.5.2 Trip Generation Data 
The second part of the questionnaire was designed to investigate the underlying 
reasons for the lack of data related to trip generation in Australia. This part contains nine 
questions (Question 7 to Question 15) which were generally related to the availability of 
trip generation data in Australia as well as the necessity of establishing a National Trip 
Generation Database (NTGD). The questions include: 
1) In your opinion, is there any shortage or lack of data related to trip 
generation estimation for use in evaluation of new development 
proposals in terms of TIAs in Australia? 
2) If the answer to the above question is yes, what is the main reason behind 
which such deficiency has eventuated? 
3) In your opinion, would a cooperative NTGD be appropriate for preparing 
TIAs in Australia? 
4) If the answer to the foregoing question is yes, in which way could it 
assist in producing more accurate and more reliable results? 
 By reducing personal judgement 
 By providing transferable data through Australia 
 By standardising criteria for preparing TIA 
 By saving time and budget in terms of TIA preparation 
 Other  
5) Is it essential for Australia to have an organisation that is responsible for 
collecting and publishing trip generation date for different land uses? 
6) What do you see as possible limitations in the creation of a NTGD? 
7) How could these limitations be mitigated? 
8) To what extent would you as a representative of your employer be 
willing to participate in an Australian NTGD? 
9) To what extent would you as a representative of your employer be able to 
participate in an Australian NTGD? 
Chapter 3:  Stakeholder Organisations Survey  
Amir Mousavi Page 49 
In collecting the respondents’ point of view, some of the questions were planned 
to be in short answer format. This allows the participants to represent their attitude about 
the topic more precisely. 
To start with, the participants were asked to answer Question 7, if there is any 
shortage or lack of data related to trip generation estimation for use in evaluation of new 
development proposals in terms of TIAs in Australia. In response to this question, 93 
persons (81.6%) replied yes and 12 persons (10.5%) answered no while 11 persons 
(7.9%) were unsure or skipped the question (Figure 3.4).  
 
Figure 3.4. Presence of data shortage for trip generation (Question 7) 
Figure 3.5 shows the top 10 participants’ replies to Question 8, which is 
associated with the major causes for this trip generation data shortage.  
 
Figure 3.5. Main reasons behind trip generation data deficiency (Question 8) 
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It is clear from the table that the most accepted reasons for data deficiency are the 
lack of updated data followed by the lack of funding and research on the trip generation 
topic. However, some of the other reasons such as lack of centralised national data 
collection repository, lack of focus and funding by government/Transport agencies, and 
lack of a national standard are also notable. 
Question 9 was related to the appropriateness of a cooperative NTGD.  In this 
respect, 82% of respondents agree while 6.3% disagree (Figure 3.6). Further, 11.7% of 
the participators answered that it probably will be helpful. The most frequent notes in 
this question emphasise the necessity of NTGD presence as well as national standards, 
specifically with consideration to state and regional characteristics and differences. 
 
Figure 3.6. The appropriateness of a NTGD (Question 9) 
In addition, as illustrated in Figure 3.7 for Question 10, most participants 
(75.9%) believed that a NTGD can assist in producing more accurate and more reliable 
results by providing transferable data. The other options in descending order were 
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The other responses also suggested that a NTGD is able to reduce disagreements 
among parties, provide evidence-based information, and produce consistent terminology, 
definitions and survey methodology.  
Subsequently, a Likert scale question was employed to evaluate the need of an 
Australian organization that is responsible for collecting and publishing trip generation 
data from the respondents’ perspective (Question 11). The Likert scale is a set of 
statements (items) offered for a real or hypothetical situation under study. Participants 
are asked to show their level of agreement (from strongly disagree to strongly agree) 
with the given statement (items) on a metric scale (Joshi, Kale et al. 2015). The scale 
includes 10 units, where the numbers 10 and 1 represent the most and the least necessity 
respectively. The respondents’ rating for the need of such an organisation has been 
shown in Figure 3.8. It can be deduced from the figure that more than half of the 
participants strongly agreed with establishing a responsible organisation for trip 
generation data (average rating = 6.89). 
 
 
Figure 3.8. The necessity of a responsible organisation for trip generation data collection (Question 11) 
To assess the result of the Likert scale question, One-sample Wilcoxon Signed 
Rank (OWSR) test was undertaken by using the SPSS software. Best (2005) states that 
OWSR test was originally proposed as a location test for symmetric distributions. 
However, it can just as well be a test for symmetry around a known median. The 
assumption made for the OWSR test is that the variable being tested is symmetrically 
distributed about the median, which would also be the mean. In addition, the null 
hypothesis of the OWSR test is that the median of the variable being tested is equal to a 
certain number. In terms of the OWSR results, the significance level of 0.05 and lower 
will result in rejecting the null hypothesis, which means that the variable being tested is 
not symmetrically distributed about the median value. In reverse, the significance levels 
higher than 0.05 mean that the null hypothesis is retained (i.e. the variable being tested is 
symmetrically distributed about the median value).  
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In respect to the responses to Question 11 and with the consideration of null 
hypothesis that the median of the responses equals 5.5, the result of the OWSR is 
significant at the 0.036 level, which rejects the null hypothesis, meaning that the 
responses are not symmetrically distributed about the median of the Likert scale. Figure 
3.8 shows that 47.7% of the responses are between 8 and 10; this confirms the result of 
the OWSR test.  
The one-sample runs (OR) test was also undertaken to assess the result of the 
Likert scale question. The one-sample runs test is used to check for randomness in a 
sample distribution (Mogull 1994). The null hypothesis in OR test is that the sequence of 
values defined is random. Similar to the QWSR test, the significance level of 0.05 and 
lower will result in rejecting the null hypothesis (i.e. the sequence of the defined values 
is not random) while the significance levels higher than 0.05 mean that the null 
hypothesis is retained (i.e. the sequence of the defined values is random). 
The results of the OR test for the responses to Question 11 reject the null 
hypothesis at the significance level of 0.02. This means that the responses to this 
question are not random. 
Consequently, based on the results of the QWSR and the OR tests together with 
a visual test of Figure 3.8, it can be concluded that transport professionals think it 
essential for Australia to have an organisation that is responsible for collecting and 
publishing trip generation data for different land uses. 
Figures 3.9 and 3.10 represent participants’ responses to Questions 12 and 13 
respectively in relation to their opinions about possible limitations in the creation of an 
NTGD and the ways in which these limitations could be mitigated respectively.  
 
Figure 3.9. Possible limitations for NTGD establishment (Question 12) 
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From Figure 3.9, the most significant restrictions to the creation of an NTGD can 
be summarised as local/regional differences, high cost of data collection and lack of 
funding, data quality, absence of cooperation and willingness to contribute, and lack of 
standards and expertise.  
Similarly, based on Figure 3.10, the summarised suggested solutions for 
mitigating the above limitations are funding and support from federal government, state 
road authorities and local councils, sufficient data collection, providing national 
standards, educating more professionals and investing in more research. 
 
 
Figure 3.10. Suggested solutions for NTGD establishment (Question 13) 
The last two questions to respondents asked them to express their willingness 
(Question 14) and ability (Question 15) to participate in an Australian NTGD by 
applying 10 units of Likert scale questions. 
 Figure 3.11 shows that approximately two-thirds of the responses in relation to 
the willingness to participate in an Australian NTGD was between 1 and 5 while the 
respondents’ average rating, associated with their willingness for participation, was 6.45. 
This is confirmed by the result of the OWSR test, which rejects the null hypothesis that 
the median of the responses equals 5.5 at the significance level of 0.036. However, the 
null hypothesis that the sequence of values defined is random is retained at the 
significance level of 0.314 by the OR test (i.e. the sequence of the values is random). 
Based on the results of the QWSR and the OR tests, together with a visual test of Figure 
3.11, it can be concluded that most of the transport professionals are not willing to 
2 
2 
2 
5 
6 
6 
7 
9 
9 
9 
11 
0 2 4 6 8 10 12
Providing expertise
Clearly articulating benefit of such a database availabilty
charging developers on all TIA applications to cover costs
Central coordinator to administer the NTGD
Extensive research associated with trip generation
Encourage regional data agencies/consultants to share their data
Segment data by national/state/region
State/federal government and/or transport agancies funding
Moving towards a national standard supported by legislation
LGAs and state governments support to provide neccessary data
Collect enough data to minimise unreliable data
Number of Responses 
Chapter 3:  Stakeholder Organisations Survey  
Amir Mousavi Page 54 
participate in an Australian national trip generation database. This partially supports the 
comments of those respondents who claim that there is a lack of cooperation and 
willingness for contribution in creation of a NTGD.  
 
Figure 3.11. Respondents’ willingness to participate in an Australian NTGD (Question 14) 
Similarly, Figure 3.12 shows that approximately one-third of the responses 
associated with the ability to participate in an Australian NTGD was between 1 and 4, 
while 5.76 was calculated as the average rating for their ability. Similar to the previous 
question, the result of the OWSR test rejects the null hypothesis that the median of the 
responses equals 5.5 at the significance level of 0.009. This means that the responses are 
not symmetrically distributed about the median of the Likert scale. However, the null 
hypothesis that the sequence of values defined is random is retained at the significance 
level of 1.000 by the OR test (i.e. the sequence of the values is random). As a result, 
based on the results of the QWSR and the OR tests together with a visual test of Figure 
3.12, it can be concluded that most of the transport professionals are able to participate in 
an Australian national trip generation database. 
 
Figure 3.12. Respondents’ ability to participate in an Australian NTGD (Question 15) 
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3.5.3 Trip Generation Rates and Methods 
The third part of the questionnaire included three questions associated with the 
use of trip generation rates and equations in the Australian context. In terms of main 
sources which are used for estimating trip generation for use in TIA (Question 16), a 
multiple choice question with the options of The RTA Database (RTA 2002), The USA 
ITE Database (ITE 2008), The New Zealand Trip Generation Database -TDB, The UK 
Trip Generation Database -TRICS, State Road Authority Databases, City/Regional 
Council Databases, Databases and/or Reports from Traffic And Transport Consultants 
and Databases and/or Reports from Traffic And Transport Surveyors were used. 
Employing a 10 unit Likert rating scale for the next two questions, the participants were 
also asked about possible bias in TIA results by adopting Trip Generation Rates (TGRs) 
from other Australian cities (Question 17) and other countries (Question 18).  
In terms of the main sources for use in trip generation estimation in a TIA, 91 
respondents stated the New South Wales RTA trip generation data as one of their 
resources for trip generation estimation (Figure 3.13).  
 
 
Figure 3.13. Respondents’ main sources for trip generation estimation in a TIA (Question 16) 
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personal knowledge and judgement, Micro Trans software, and Google sources were 
also mentioned as other sources for use in trip generation prediction.  
Employing a 10 unit Likert scale, participants were also asked about possible 
bias in TIA results by adopting TGRs from other Australian cities and other countries.  
With respect to bias from other countries’ TGRs (Question 17), 27 (25.2%) and 
23 (21.5%) of the respondents rated 5 and 7 respectively to Question 17 followed by 
rating 8 with 15 (14.0%) responses (Figure 3.14). The rating is 6.04 on average. The 
result of the OWSR test is significant at the 0.168 level, which retains the null hypothesis 
that the median of the responses equals 5.5. The result of the OR test also retains the null 
hypothesis that the sequence of values defined is random at the significance level of 
0.94. As a result, based on the results of the QWSR and the OR tests together with a 
visual test of Figure 3.14, it can be concluded that transport professionals believe 
adoption of trip generation rates/models from other countries may bias the result of a 
TIA in Australia. 
 
 
Figure 3.14. Biases in TIA results from other countries’ TGRs (Question 17) 
Similarly, 29 respondents (27.1%) rated 5 in terms of bias from other Australian 
cities’ TGRs (Question 18), while 21 participants (19.6%) rated 3 followed by 17 
respondents (15.9%) who rated 7 to this question (Figure 3.15). The rating is 5.21 on 
average. Similar to the previous question, the result of the OWSR test retains the null 
hypothesis that the median of the responses equals 5.5 at the significance level of 0.169 
while the null hypothesis that the sequence of values defined as random is retained at the 
significance level of 0.737 by OR test. Consequently, based on the results of the QWSR 
and the OR tests together with a visual test of Figure 3.15, it can be concluded that 
transport professionals believe adoption of trip generation rates/models from other 
Australian cities may bias the result of a TIA. 
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Figure 3.15. Biases in TIA results from other Australian cities’ TGRs (Question 18) 
The responses to these two questions clearly show that there is not an absolute 
consensus among transport and traffic professionals associated with TGRs’ 
transferability, since the responses do not illustrate uniform distributions. 
3.5.4 Trip Chaining Effects 
The last part of the survey attempts to achieve a better perception about trip 
chaining effects on trip generation estimation as well as the identification of the most 
prevalent land uses subject to trip chaining in terms of TIA in Australia. It contains two 
ranking and one 10 unit Likert scale questions. For Question 19, the participants were 
invited to rank 11 different land use categories that are subject to assessment by TIA. 
The land use category for this question was the land use classification used by the RTA 
Guide to Traffic Generating Developments (The New South Wales Roads and Traffic 
Authority 2002). The trip chaining effects on trip generation estimation for use in TIA 
were also rated by participants in Question 20. Similar to the previous questions, a 10 
unit Likert scale format was employed. The last question (Question 21) was designed to 
identify the most prevalent land uses subject to trip chaining in terms of TIA. In this 
regard, 24 different land use types were ranked by participants.  
Surprisingly, the number of respondents who skipped the questions associated 
with this part rose dramatically with the range between 18 (15.5%) and 32 (27.6%). This 
leads us to conclude that many traffic and transport professionals in Australia are not 
involved in TIA preparation. 
In the first question (Question 19), based on the RTA Guide to Traffic 
Generation Developments (The New South Wales Roads and Traffic Authority 2002) 
land use categorisation, the participants were invited to rank 11 different land use 
categories that are subject to assessment by TIA. Table 3.4 shows the weighted average 
responses for each land use category in terms of assessment by TIA, in ascending order.  
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Table 3.4 
Land Use Categories Subject to Assessment by TIA (Question 19) 
Final 
Ranking 
Land Use Category 
Weighted 
Average of 
Responses 
1 Residential 2.87 
2 Retail 3.22 
3 Commercial 3.30 
4 Office 4.11 
5 Light Industrial 5.59 
6 Medium/Heavy Industrial 6.11 
7 Educational 6.70 
8 Health and Community Services 7.11 
9 Casual Accommodation/Hotel 7.59 
10 Recreation and Tourist Facilities 7.94 
11 Road Transport Facilities 8.33 
 
It should be noted that the following equation was used to calculate the weighted 
average responses: 
 
𝑾𝑨𝑹 =  
∑ 𝑳𝑼 ×𝑹𝑳𝑼
𝒏
𝟏
∑ 𝑹𝑳𝑼
𝒏
𝟏
                                                                                Equation 3.1 
 
Where:          
𝑾𝑨𝑹 Weighted Average Response 
𝑳𝑼 Land use category/type 
𝑹𝑳𝑼 Number of responses associated with the land use category/type  
𝒏 Number of land use categories/types 
 
 The most frequent land use category subject to assessment by TIA is residential 
developments, followed by retail, commercial, and offices respectively.  
The trip chaining effects on trip generation estimation for use in TIA were also 
rated by participants (Figure 3.16). The respondents’ average rating associated with the 
effects of trip chaining on trip generation estimation was 6.25 with the top three ratings 
7, 5, and 8 with 21 (21.87%), 19 (19.79%), and 17 (17.71%) responses respectively. The 
result of the OWSR test is significant at the 0.139 level, which retains the null hypothesis 
that the median of the responses equals 5.5. The result of the OR test also retains the null 
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hypothesis that the sequence of values defined is random at the significance level of 
0.94. Consequently, based on the results of the QWSR and the OR tests together with a 
visual test of Figure 16, it can be concluded that most of the transport professionals 
believe trip chaining affects trip generation estimation for use in TIA. 
 
 
Figure 3.16. Trip chaining effects on trip generation estimation (Question 20) 
Question 21 was designed to identify the most prevalent land uses subject to trip 
chaining in terms of TIA. In this regard, 24 different land use types were ranked by 
participants. The final ranking for these land uses, based on weighted average of 
responses, is shown in Table 3.5. It is noted that Equation 3.1 was used again to calculate 
the weighted average response.  
A precise consideration to the sorted land uses in Table 3.5 reveals that 
discretionary activity (i.e. activities motivated by cultural and psychological needs 
(Meloni, Spissu et al. 2007)) such as serving passenger to child care centres and 
primary/secondary schools are more likely to affected by trip chaining in comparison 
with maintenance activities (i.e. activities associated with purchase and consumption of 
goods and services to satisfy household/personal biological needs (Meloni, Spissu et al. 
2007)) like daily shopping. This finding is consistent with the Lee (2007) result which 
suggests that out-of-home discretionary activity is the most frequent activity in trip 
chains.  
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Table 3.5 
Land Use Types subject to Trip Chaining in terms of TIA (Question 21) 
Final 
Ranking 
Land Use Type 
Weighted Average of 
Responses 
1 Child Care Centre/Kindergarten 4.22 
2 Primary School 4.48 
3 Supermarket 4.81 
4 Service/Petrol Station 5.38 
5 Secondary School 6.44 
6 Take-away Food Store  6.47 
7 Shopping Centre 6.51 
8 ATM/Bank 6.95 
9 Convenience/Corner Store 7.38 
10 Pharmacy/Chemist 8.73 
11 Post Office 9.04 
12 News agency/Stationery Store 9.19 
13 Medical Centres 9.79 
14 Video Library 11.40 
15 Free-Standing Discount Store 12.03 
16 Home Improvement Superstore 12.39 
17 Restaurant 12.51 
18 Traditional Market 12.65 
19 Bulky Goods Retail 12.90 
20 Electronic Superstore 14.89 
21 Furniture Store 15.84 
22 Warehouse 16.59 
23 Car Parts Store 17.11 
24 Motor Vehicle Showroom 17.78 
 
3.6 CONCLUSION 
An online survey was conducted to investigate the views and experiences of 
Australian traffic and transport professionals about trip chaining and its interaction with 
trip generation as well as the most affected land use type by trip chaining topic. The 
survey embraced an online questionnaire including 21 questions in the form of short 
answers, ticking, rating, and ranking questions. Statistical tests (e.g. OWSR and OR 
tests) were also undertaken to evaluate the responses to the questionnaires. 
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Findings from the stakeholder organisations survey recognise the importance of 
the trip chaining effects on trip generation estimation. A precise consideration on the 
survey’s results shows that trip chaining effects should be recognised appropriately when 
estimating trip generation particularly for child care centres and schools as well as for 
retail and commercial land uses. 
The survey results also identified the most prevalent land uses subject to trip 
chaining in terms of TIA. This is an important finding since previous studies have 
focused on travellers’ behaviour and the individual’s activities, rather than land use 
types. This result provides valuable information for further research on the interaction 
between trip generation and trip chaining for use in TIA for specific land uses. The 
results from the survey also lead to the selection of a land use development type with the 
most effect on trip chaining for model development. 
The other important finding from this survey was that Australia is suffering from 
a shortage of data reflecting trip generation for use in TIA, which is a consequence of 
various circumstances. The major reasons for such data shortage can be classified as 
reliance on outdated data and guidelines, lack of funding and research associated with 
trip generation, lack of national standards/guidelines, absence of a NTGD and a specific 
responsible organisation in terms of trip generation, and unwillingness for contribution 
to a NTGD due to legitimate commercial interest.  
In terms of trip generation sources, the New South Wales RTA Guide to Traffic 
Generation Developments (The New South Wales Roads and Traffic Authority 2002) is 
the main relevant source associated with trip generation for use in TIA in Australia. 
However, it has limited land use types and outdated information. While this information 
has been collected by the New South Wales RTA, it has been used in TIA studies 
Australia-wide.   To this end, the results of the survey suggest that Australia should 
move toward establishing a NTGD with a centralised responsible organisation for 
collecting and publishing trip generation data based on Federal and State Governments’ 
contribution for funding. 
In this respect, having national standards and guidelines associated with trip 
generation definitions, data collection methodology, and TIA preparation process based 
on updated research is essential. However, there is a lack of research not only in 
Australia but also around the world related to trip generation rates and equations for use 
in TIA studies. Developing national standards might also assist investment on NTGD by 
saving states’ funding for state guideline preparation. 
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4Chapter 4:  Model Structure and Data 
Collection 
This chapter discusses the applied model structure and data collection in this 
research. The first part of this chapter presents a brief review, reflecting the scope of the 
model. This review summarises the fundamental aspects for model development such as 
model structure and variables, which were found from the literature review and the 
stakeholder organisations survey. The n ext part of this chapter defines the selected land 
use type together with its definition and a brief review of the literature in the field of 
transport associated with the selected land use type.  
The third part of this chapter contains a detailed discussion on the model 
structure employed in this research. The modelling technique and the definition of the 
model’s elements are discussed in this section of the chapter. Data collection methods 
and the results from the data collection phase, including trip generation, mode choice and 
trip chaining information associated with the selected sites for model development as 
well as socioeconomic, demographic and urban form related data, are presented in the 
following sections. Finally, the last part of this chapter presents both the dependent and 
independent variables employed in order to calibrate the model. 
4.1 SCOPE OF THE MODEL  
This research created a combined trip generation and mode choice model with 
the consideration of trip chaining effects for a selected land use development type based 
on socio-demographic and urban form variables. The results from this model were then 
compared with the results from the model structure and the independent variables that 
are commonly used in Transport Impact Assessments (TIAs), to assess whether the new 
method provided more accurate results for use in TIAs. 
Based on the findings from section 2.3 of the literature review, a simple 
comparison among the most accepted modelling techniques for each of trip generation, 
mode choice, and trip chaining, shows that the multiple regression analysis is the only 
model structure that can be applied for all of these parts. Consequently, multiple 
regression analysis was selected to develop the model. 
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Similarly, with the consideration of section 2.3 of the literature review, the 
socioeconomic, demographic, and urban form characteristics are the commonly used 
variables in all of the trip generation, mode choice, and trip chaining stages. 
Accordingly, independent variables associated with each of these categories were 
employed to develop the model. It is noteworthy that the independent variables were 
selected based on the availability of data. 
In addition, findings from the stakeholder organisations survey detailed in 
section 3.5.4 show that the most prevalent land use subject to trip chaining in terms of 
TIA is Child Care Centre/Kindergarten followed by Primary School, Supermarket, and 
Service/Petrol Station respectively. Accordingly, the child care centre land use was 
selected for model development as this land use type is able to thoroughly demonstrate 
the effects of the trip chaining phenomenon on trip generation. 
In terms of the study area, the metropolitan region of Hobart, Australia, was used 
as the case study area for this research. The final model was developed to estimate the 
hourly trip generation of child care centres for morning peak period only, in order to 
reduce the required data collection costs and time.  
4.2 LAND USE TYPE SELECTION 
Based on the findings of the stakeholder organisations survey, it was decided to 
use the child care centre for model development. The following sections provide 
information in relation to the definition of child care centres and the review of the 
literature in the field of transport associated with child care centres. 
4.2.1 Definition of Child Care Centre 
The New South Wales Roads and Traffic Authority (2002) states that based on 
Part VII of the Child Welfare Act 1939, a child care centre is a building or place used for 
child care where the centre can provide pre-school care, long day care, before/after 
school care or a combination of the above. 
In addition, Tayler (2013) divided early childhood education and care services 
into three main types, including long day care, family day care, and kindergarten. He 
defined that: 
“Long day care provides centre-based care (similar to child care centres in 
the United States), for-profit or not-for profit organisations providing full-
day care throughout the year to children below school age; however, many 
Australian children are in care programs for only part of the week. Family 
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day care is provided in the educators’ homes; the educators are organised 
into care-providing licensed schemes that provide support and some 
monitoring. The ‘kindergartens’ are similar to American ‘preschool’ 
programs; kindergarten provides early childhood education aimed at 
children in the year or two before they commence full-time schooling (e.g. 
when a child is three or four years old).” (Tayler, Ishimine et al. 2013 - page 
14) 
While family day care is usually provided in residential land uses, it was 
considered not appropriate to use this type of child care centre for the purpose of this 
research. Moreover, it was decided to exclude from this research child care services, 
which are part of schools’ facilities (e.g. pre-school care or before/after school care), in 
order to avoid a likely data collection bias of the child care centres at the school sites. 
Consequently, the selected land use type for the purpose of this research is 
considered to be that of a Long Day Care Centre (LDCC). This type of land use 
development is able to thoroughly demonstrate the effects of the trip chaining 
phenomenon on trip generation, while the likelihood of data collection bias is lower than 
child care centres at school sites. 
4.2.2 Child Care Centre’s Indicators 
A review of the literature shows that very little research has been undertaken in 
the field of transport which examining child care centres. In this regard, Golob (2000) 
classified trips to child care centres as non-discretionary activities (i.e. services to satisfy 
household/personal physiological needs and biological needs). Wen (2000) also 
indicated that the household with children is likely to own more cars to serve the 
maintenance needs of children, such as child care and escort service.  
In terms of trip generation, the New South Wales Roads and Traffic Authority 
(2002) classified child care centres as Health and Community Services and stated that 
the best indicator of peak traffic generation for child care centres was found to be the 
number of children that attended each centre followed by the GFA. The ITE Trip 
Generation Manual (Institute of Transportation Engineers 2008) also applied the number 
of children, the number of staff and GFA as the independent variables for the trip 
generation estimation of Child Care Centres.  
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While collecting data associated with GFA is time consuming and in some cases 
is impossible due to confidentiality for the centres, the number of children and the number 
of staff were considered as the LDCC’s indicators for this research. 
4.3 MODEL STRUCTURE 
The mathematical model structure for this study was a regression equation. 
Accordingly, the typical equation for predicting trip generation for LDCC land use was 
considered as follows: 
 
𝑻𝑮 = ∑ 𝒄𝒊 𝑰𝑽𝒊 + 𝒄𝟎
𝒏
𝒊=𝟏                                                         Equation 4.1                      
 
Where: 
𝑻𝑮 Trip Generation 
𝑰𝑽𝒊 Independent Variable 𝒊 
𝒄𝒊 Coefficient related to the 𝑰𝑽𝒊 
𝒏 Number of Independent Variables  
𝒄𝟎 Constant 
 
In addition, as discussed in section 1.2, socioeconomic, demographic and urban 
form indices were employed as independent variables to develop the model. 
Consequently, the trip generation equation was simplified as shown below: 
 
𝑻𝑮 = 𝒄𝒔𝑰𝑺 + 𝒄𝑫𝑰𝑫 + 𝒄𝑼𝑰𝑼 + 𝒄𝟎                                                                 Equation 4.2 
 
Where:          
𝑻𝑮 Trip Generation  
𝑰𝑺 Socioeconomic related index 
𝑰𝑫 Demographic related index  
𝑰𝑼 Urban Form related index 
𝒄𝑺 Coefficient related to the Socioeconomic related index 
𝒄𝑫 Coefficient related to the Demographic related index 
𝒄𝑼 Coefficient related to the Urban Form related index 
𝒄𝟎 Constant 
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A careful consideration to Equation 4.2 reveals that the equation does not take 
LDCC’s characteristics (e.g. Gross Floor Area (GFA) of building) into account. This 
means that the equation is not able to estimate trip generation associated with a proposed 
development as there is not any linkage between the estimated trip generation and the 
proposed LDCC’s characteristics. To resolve this issue, it was considered that trip 
generation per unit be employed as the model’s dependent variable, where any of the 
LDCC’s characteristics can be utilised as the unit. 
The New South Wales Roads and Traffic Authority (2002) states that the best 
indicator of peak traffic generation for Child Care Centres was found to be the number 
of children that attended each centre, followed by the GFA. The ITE Trip Generation 
Manual (Institute of Transportation Engineers 2008), 8th edition, also applied the 
number of children, the number of staff and GFA as the independent variables for trip 
generation estimation of child care centres.  
In this research, the number of children and the number of staff were employed 
as the LDCC’s characteristics for model development. Having said that, two different 
models were developed for predicting trip generation for LDCC land uses: one based on 
the number of children and one based on the number of staff. The results of the models 
would be in the form of either trip generation per child or trip generation per staff. By 
using the results of the models (i.e. trip generation per child/staff), trip generation for a 
proposed LDCC can be predicted if the maximum number of staff proposed to work in 
the LDCC or the maximum capacity of the LDCC in terms of the number of children is 
perceived. It should be noted that GFA was not utilised for model development due to 
the lack of available information. 
To engage mode choice in the model structure, it was decided to develop a 
separate model for each mode of transport. These types of model can be classified as 
Direct Demand Models (DDMs) (refer to section 2.1). The advantage of this type of 
model is that it permits estimation of trip generation as a function of alternative travel 
modes. In this regard, mode of transport was divided into four categories: private car, 
public transport, cycling and walking.  
In addition, the effect of the trip chaining phenomenon on trip generation and 
mode choice also needs to be considered when the dependent variables are being 
calculated. To take this effect into account, the percentage of trip generation, for which 
the LDCC was the primary purpose of the trip, was utilised. 
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Based on the above discussions, the following formula was used to determine the 
model’s dependent variables.  
 
𝑻𝑮𝒎𝒖 = 𝑻𝑮𝒎 × 𝑻𝑪 ÷ 𝒖                                                                              Equation 4.3 
 
Where: 
𝑻𝑮𝒎𝒖 Trip Generation per unit of LDCC indicator associated with a 
mode of transport 
𝒎 Mode of Transport including Private Car (𝒑), Public Transport 
(𝒕), Cycling (𝒃) and Walking (𝒘) 
𝑻𝑮𝒎 Trip Generation associated with a mode of transport 
𝑻𝑪 Percentage of the trip generation which the LDCC was the 
primary purpose of the trip 
𝒖 LDCC indicator being Number of Staff 
(𝒔) or Number of 
Children (𝒄) 
 
As Equation 4.3 shows, the effect of trip chaining has been considered by 
isolating the trip generation which the LDCC was the primary purpose of the trip due to 
the fact that only the non-chained trips constitute the additional traffic on the adjacent 
roadways. It should be noted that other effects of trip chaining, such as pass-by trips 
(which is important for driveway cross-over movements studies and on-street parking 
manoeuvres studies) and diverted linked trips (i.e. those trips diverted from a nearby 
road which constitute a change in turning movements as well as new traffic movements 
between their original route and the land use), have not been examined in this research. 
However, these effects should be considered in future research. 
Section 1.2 stated that the hypothesis of this research is that there is a specific 
configuration of characteristics related to each of the socioeconomic, demographic and 
urban form categories, which can show the overall effect of them on traffic attributes 
associated with a land use type. For this reason, the independent variables were 
identified as a function of socioeconomic, demographic and urban form indicators.  
In terms of socioeconomic (𝑺), demographic (𝑫) and urban form (𝑼) 
indicators, Age (𝑨), gender (𝑮),  household size (𝑯𝑺) and number of children in 
household (𝐂𝐡) have been employed as demographic indicators, while household 
income (𝑯𝑰), employment status (𝑬) and car ownership (𝑪𝑶) have been used as the 
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socioeconomic indicators. Further, population density (𝑷), residential density (𝑹) and 
average distance to transit (𝑻) have also been applied as urban form factors. 
Consequently, the independent variables would be as follows: 
 
𝑰𝑺 = 𝒇(𝑯𝑰, 𝑬, 𝑪𝑶)                                                                                        Equation 4.4 
𝑰𝑫 = 𝒇(𝑨, 𝑮, 𝑯𝑺, 𝑪𝒉)                                                                                   Equation 4.5 
𝑰𝑼 = 𝒇(𝑷, 𝑹, 𝑻)                                                                                             Equation 4.6 
  
In conclusion, the applied model structure in this research was a regression 
model as shown below: 
 
𝑻𝑮𝒎𝒖 = 𝒄𝒔𝑰𝑺 + 𝒄𝑫𝑰𝑫 + 𝒄𝑼𝑰𝑼 + 𝒄𝟎                                                           Equation 4.7 
 
Where:          
𝑻𝑮𝒎𝒖 Trip Generation per unit of LDCC indicator associated with a 
mode of transport 
𝒎 Mode of transport including Private Car (𝒑), Public Transport 
(𝒕), Cycling (𝒃) and Walking (𝒘) 
𝒖 LDCC indicator including Number of Staff (𝒔) and Number of 
Children (𝒄) 
𝑰𝑺 𝒇(𝑯𝑰, 𝑬, 𝑪𝑶) where 𝑯𝑰 is household income, 𝑬 is employment 
status and 𝑪𝑶 is car ownership 
𝑰𝑫 𝒇(𝑨, 𝑮, 𝑯𝑺, 𝑪𝒉) where 𝑨 is age, 𝑮 is gender, 𝑯𝑺 is household 
size and 𝑪𝒉 is number of children in household 
𝑰𝑼 𝒇(𝑷, 𝑹, 𝑻) where 𝑷 is population density, 𝑹 is residential 
density and 𝑻 is average distance to transit 
𝒄𝑺 Coefficient related to 𝐼𝑆 
𝒄𝑫 Coefficient related to 𝐼𝐷 
𝒄𝑼 Coefficient related to 𝐼𝑈 
𝒄𝟎 Constant 
 
Overall, the independent variables in Equation 4.7 are functions of the selected 
socioeconomic, demographic and urban form indicators. 
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With the consideration of land use characteristics and modal split, the following 
eight models were developed for the purpose of this research:  
1. Private car trip generation per staff 𝑻𝑮𝒑𝒔 
2. Private car trip generation per child 𝑻𝑮𝒑𝒄 
3. Public transport trip generation per staff 𝑻𝑮𝒕𝒔 
4. Public transport trip generation per child 𝑻𝑮𝒕𝒄 
5. Cycling trip generation per staff 𝑻𝑮𝒃𝒔 
6. Cycling trip generation per child 𝑻𝑮𝒃𝒄 
7. Walking trip generation per staff 𝑻𝑮𝒘𝒔 
8. Walking trip generation per child 𝑻𝑮𝒘𝒄 
4.4 DATA COLLECTION 
As discussed in section 4.1, the metropolitan region of Hobart, Australia, was 
used as the case study area for this research. Two general types of information were 
collected and used for model calibration:  
1) Socioeconomic, demographic and urban form related information for 
developing independent variables, and 
2) Trip generation, mode choice and trip chaining data and general 
information related to the existing proxy LDCCs for developing 
dependent variables.  
In terms of the independent variables, the socioeconomic, demographic and 
urban form related information in a suburb scale was used for calculating the 
independent variables for the purpose of this research, due to the availability of data. For 
this reason, information from 2011 Census Data was employed to form socioeconomic 
and demographic related variables.  
It is noted that data associated with suburbs can show the differentiation of 
transport features as the socioeconomic, demographic and urban form characteristics are 
changed from one suburb to another. Traffic analysis zones were not considered in this 
research for the purpose of data collection because they do not have any linkage to 
socioeconomic, demographic and urban form characteristics. Consequently, they are not 
able to demonstrate the variations of socioeconomic, demographic and urban form 
characteristics. 
In respect to minimum sample size for model development, James (2001) 
suggests that the ratio of observations to independent variables should not fall below five 
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in multiple regression analysis. This means at least five samples per each independent 
variable should be applied in order to create an appropriate multiple regression model. 
As a result, the number of LDCC samples was 15, as it was suggested to employ three 
independent variables including a function of socioeconomic, demographic and urban 
form indicators (refer to section 4.2). It should be noted that due to the limited available 
LDCC developments within the study area, minimum required sample size for model 
development was used for this research. However, it was preferred that the models be 
developed based on the proposed new approach for modelling trip generation with 
higher sample size in order to provide more reliable results. 
The independent variables were then calculated by applying the data associated 
with LDCCs’ trip generation, mode choice and trip chaining data as well as their general 
information such as the number of staff and the number of children in the LDCCs. 
For the purpose of LDCC selection for data collection, a list of LDCCs within 
Hobart and Glenorchy City Councils area was created. Subsequently, 15 LDCCs were 
selected randomly from the list in order to collect trip generation, mode choice and trip 
chaining information for the development of dependent variables.  
It should be noted that data collection associated with trip chaining and mode 
choice involved human participants, in the form of either undertaking a survey or 
conducting interviews with children’s parents and LDCC staff. As a result, ethical 
clearance was obtained from Queensland University of Technology’s (QUT’s) Research 
Ethics Unit to ensure that the data collection method complied with QUT’s Human 
Research Ethics Policy and Guidelines. 
The LDCCs were then asked to sign a statement of consent form through a 
discussion with the LDCC’s director. In the case that consent was not received from any 
of the LDCCs, a replacement was selected randomly once more from the list of LDCCs 
within Hobart and Glenorchy City Councils area. The final list of LDCCs was such that 
the selected sites were distributed in 11 different suburbs. This number of suburbs allows 
that the variations of socioeconomic, demographic and urban form characteristics among 
suburbs and their influence on LDCCs’ trip generation rate be tested properly by the 
proposed model. 
LDCCs’ trip generation, mode choice and trip chaining data collection was 
conducted on a typical working weekday during good weather conditions, to capture the 
high end of typical weekday traffic. It was decided to avoid data collection during school 
holidays in order to achieve accurate trip generation data for model development. In 
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addition, it was considered that some of the children and/or staff might be absent on 
Mondays and Fridays in order to maximise the use of weekends. Consequently, data 
collection was undertaken on Tuesdays, Wednesdays or Thursdays during weekdays.  
Eventually, data collection associated with the 15 selected LDCCs was 
conducted between 21 August 2013 and 12 November 2013. All comments and 
responses were treated confidentially as the names of individual persons were not 
required in any of the responses. All data collected as part of this project was also stored 
securely as per QUT’s Management of Research Data Policy. 
4.4.1 LDCC’s Characteristics 
As discussed in section 4.2, the number of children and number of staff 
associated with each LDCC are required to calculate dependent variables for model 
development. In this respect, at the day of survey, the LDCC’s director was requested to 
provide information in relation to the actual number of staff and children who attended 
the LDCC on the day of survey as well as the maximum capacity of the LDCC in terms 
of number of staff and children (Table 4.1). However, the actual number of staff and 
children who attended the LDCC on the day of survey were utilised for the development 
of dependent variables. 
Table 4.1 
LDCC’s Number of Staff and Children 
Site 
Number 
Capacity of LDCC Attendees at the Survey Date 
Children Staff Children Staff 
Site 1 71 22 71 19 
Site 2 113 27 103 26 
Site 3 112 32 100 32 
Site 4 29 5 28 4 
Site 5 113 20 99 27 
Site 6 42 8 44 9 
Site 7 30 7 21 5 
Site 8 96 17 83 17 
Site 9 30 5 31 6 
Site 10 62 15 60 10 
Site 11 43 8 28 8 
Site 12 110 30 111 45 
Site 13 75 16 75 15 
Site 14 47 7 33 9 
Site 15 75 14 49 14 
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It is noteworthy that the actual names of the LDCCs have not been provided 
throughout this thesis in order to keep the collected data confidential. In addition, the 
actual number of staff and children on the day of survey, in some cases, is slightly higher 
than the capacity of the LDCC in terms of number of staff and children. This might be 
due to the lack of documented information related to the LDCC’s general information. 
Overall, Table 4.1 clearly shows that the selected LDCCs vary in size, with 
coefficients of variation of 50 percent and 71 percent for children and staff respectively. 
It is concluded that they can be considered to be broadly representative of LDCCs within 
the Hobart region.  
4.4.2 Trip Generation Data 
In terms of data associated with trip generation, traffic counts were conducted at 
all the selected LDCC sites’ driveways and non-car mode access points for the morning 
peak period. In some cases where the LDCC does not have dedicated parking spaces, 
customers park their vehicles on the roadside of the LDCC’s adjacent street. As a result, 
these trips combined with other trips conducted by public transport and walking, and 
consequently are not recognisable. For this reason, with the assumption that each family 
is arriving at the LDCC with one travel mode, counting the number of families at the 
LDCC’s access point was recognised as the trip generation associated with the LDCC. 
The results of the mode choice survey were then employed to divide the trip generation 
data into different mode shares. 
Traffic counts were conducted on a typical working weekday (i.e. on Tuesday, 
Wednesday or Thursday) between 7:30am and 9:00am. Number of private cars, 
pedestrians and cyclists going in and coming out of the LDCC were counted during the 
traffic survey. To facilitate the traffic survey and the subsequent analysis, the “Turn 
Count” app was used for counting traffic. This app collects traffic data for different 
mode shares in a 15 minute time interval and is able to split oncoming and outgoing 
traffic at the access points. The app is also able to identify the peak hour period along the 
survey duration. 
The results of traffic count at the selected LDCC sites are shown in Table 4.2. 
Based on the results of the traffic count survey, morning peak hour for LDCCs within 
Hobart region predominantly occurred between 8 AM and 9 AM. In addition, 85.4% of 
trips generated by the LDCCs (in average) were conducted by private cars while the 
average pedestrian and bicycle trip generation were 13.92% and 0.78% respectively. 
Chapter 4:  Model Structure and Data Collection  
Amir Mousavi Page 74 
This might be as a result of either the weather being colder in Tasmania than on the 
Australian mainland, or the long distances between the origin and destination, which 
made private cars the main mode of transport in the region. 
Table 4.2 
Trip Generation and Morning Peak Period at the surveyed LDCCs 
Site 
Number 
Morning Peak 
Period 
Private Car Pedestrian Bicycle 
In Out Total In Out Total In Out Total 
Site 1 7:45-8:45am 24 25 49 6 5 11 1 0 1 
Site 2 7:45-8:45am 52 43 95 3 3 6 1 1 2 
Site 3 8-9am 46 42 88 20 10 30 1 1 2 
Site 4 8-9am 20 16 36 17 10 27 0 0 0 
Site 5 8-9am 46 47 93 16 9 25 0 0 0 
Site 6 8-9am 27 25 52 2 1 3 0 0 0 
Site 7 8-9am 8 7 15 3 2 5 0 0 0 
Site 8 7:45-8:45am 45 41 86 0 0 0 0 0 0 
Site 9 7:30-8:30am 15 14 29 2 1 3 0 0 0 
Site 10 8-9am 33 32 65 9 0 9 0 0 0 
Site 11 7:45-8:45am 12 10 22 4 3 7 1 1 2 
Site 12 7:30-8:30am 49 45 94 4 1 5 0 0 0 
Site 13 8-9am 36 25 61 5 2 7 0 1 1 
Site 14 8-9am 23 19 42 0 0 0 0 0 0 
Site 15 8-9am 27 22 49 3 2 5 0 0 0 
 
It is noted that the result of the pedestrian count is a mixture of people using 
public transport or walking as their main mode of transport to the LDCC. This figure 
was, then, separated based on the results from the mode choice survey.  
4.4.3 Mode of Transport and Trip Chaining Data 
The most challenging part of data collection was associated with gathering 
information related to mode share and trip chaining. Effectively, capturing data linked to 
mode choice and trip chaining should be conducted through a customer interview or 
questionnaire. In terms of an LDCC, it was considered that employing a questionnaire 
may provide more accurate information as the number of children and employees in 
each LDCC are fixed. Therefore, this method might be able to collect modal split and 
trip chaining data with the highest response rate by sending out a simple questionnaire to 
all study sites’ parents and employees.  
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In this respect, a questionnaire with five simple questions was designed. The 
questions ask the respondents about their usual arrival time and usual mode of transport 
(including private motor vehicle, public transport, walking and cycling) to reach the 
centre in the morning, as well as their usual destination after leaving the centre, and the 
number of persons accompanying him/her during the journey to the LDCC. A separate 
form was also prepared to collect general information related to the LDCCs such as 
number of children, number of staff and GFA of the centre excluding open spaces. The 
actual questionnaire and form can be found in Appendix B. It is noteworthy that an 
ethical clearance was obtained for this survey. 
Pilot Survey 
To assess the designed questionnaire, a pilot survey was conducted during 
February 2012 to identify any possible problems and issues that might occur during the 
survey data collection, as well as to evaluate the survey results’ consistency. An LDCC 
was selected for conducting the pilot survey through a discussion with the centre’s 
director and signing a statement of consent form.  
As a first step, the general information related to the centre was collected. The 
centre takes care of 86 children with 15 staff including the Director. However, the 
centre’s Director was not able to provide any information related to the centre’s GFA 
except that the centre has seven rooms. This lack of such data in the centre is a 
consequence of most of the LDCCs throughout Australia being corporate chain centres. 
They are generally administered by the headquarters of the organisation, which is 
responsible for administrative purposes.  For this reason, collecting information about 
the size of LDCCs needs to correspond with the centre’s headquarters. Thus, it was 
decided that GFA not be requested in other surveys due to the lack of available 
information.  
Subsequently, sufficient questionnaires were distributed to all centre’s staff and 
customers (parents of children). Parents with more than one child in the centre received 
only one questionnaire. Ten extra questionnaires were provided for contingencies. 
Notably, all of the questionnaires were distributed on the same day. Completed and 
unused forms were, then, collected seven days later.  Counting the filled forms, the 
response rate was 8.61% (8 returned questionnaires out of 98 distributed).  
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Minimum required sample size were also calculated to assess whether the 
quantity of the responses are statistically significant for the purpose of the survey. In this 
regard, the following equations were applied to calculate the sample size:    
 
𝒏𝟎 =  
𝒁𝟐 𝒑 (𝟏−𝒑)
𝒆𝟐
                                                                                        Equation 4.8 
𝒏 =  
𝒏𝟎 𝑵
𝒏𝟎+ (𝑵−𝟏)
                                                                                          Equation 4.9 
 
Where:          
𝒏 Sample size 
𝒏𝟎 Sample size without considering the population size 
𝑵 Population size 
𝒁 Level of confidence 
𝒑 Proportion estimate 
𝒆 Margin of error 
 
With the consideration of population size of 98, the level of confidence of 95% 
(Z = 1.96), p value of 0.5 and the margin of error equal to 10%, the required responses to 
the survey would be 49 responses. Therefore, it can be concluded that the quantity of the 
responses is not statistically significant to be considered for modal split and trip 
chaining.  
A simple review of the completed questionnaires shows that more than half of 
the trips to the LDCC (five trips) have been performed by private vehicles followed by 
two trips by foot and only one trip by public transport. In addition, only three out of eight 
respondents indicate that the trip to the LDCC was the only reason for them to leave 
their home. Home and work was also mentioned (four responses for each) as the next 
destination after leaving the centre. In terms of identifying the centre’s morning peak 
period, five families arrived at the centre between 8 and 9 am while two families were at 
the centre between 7 and 8 am and one at 10 am. Finally, the results of the survey show 
that the majority of the trips coming into the LDCC consist of a group of three persons 
(five responses).  
Overall, the results from the pilot survey show that this method (i.e. applying the 
questionnaire) is able to capture information related to trip chaining and modal split at an 
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acceptable level, as all of the respondents provided clear and concise responses to the 
questions to give the data to use for trip chaining and modal split analysis. However, the 
quantity of the responses was not statically significant. It is noted that persisting in 
capturing the required data through applying the designed questionnaire would result in a 
higher number of sites needing to be surveyed (i.e. not only the selected centres for trip 
generation data collection but also other LDCCs within each suburb) in order to provide 
statically significant data for use in model development. Consequently, it was concluded 
that mode choice and trip chaining related information needed to be collected through a 
customer interview, due to time and cost constraints.  
In terms of the customer interview method, it was planned that the interview be 
undertaken on the same day as the traffic count at the LDCC was undertaken. It is also 
considered that parents may be in a hurry during the morning drop off period due to their 
personal business and, consequently, may not be able to answer the questions properly. 
As a result, it was decided to undertake the interview in the afternoon when the parents 
are picking up their children. This allowed interviewers to ask the designed questions in 
a more relaxed environment.   
Discussion with the centre’s directors showed that the peak period of children’s 
pick up time was generally after 3:30pm. Thus, the interview was planned to be 
commenced at 3:30pm and to be finished at 6:00pm. Notification was also sent to the 
parents a week before the scheduled survey date to inform them about the interview. In 
order to avoid interruption to the centre’s business, the following two questions were 
asked of the parents and the centre’s staff (including the centre’s director) on their way 
out of the centre: 
1) What was your transport mode to come to the Centre on the day of the 
survey? Private Car - Public Transport - Walking - Bicycle  
2) What was your next destination after setting down your child at the day 
of the survey? Home - Shop - Work - Recreation - Other 
Table 4.3 shows the response rate to the interview for each of the selected 
LDCCs. Applying customer interview at the selected LDCCs for capturing information 
associated with trip chaining and modal split, the average response rate was 77.41% 
while the highest and the lowest response rates were 94.59% and 65.38% respectively. 
In some cases, the total number of responses from the mode choice and trip chaining 
interview does not coincide with the results from traffic counts at the LDCC sites’ 
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driveways for the morning peak period. The reason for such differentiation might be that 
either some of the customers arrived at the LDCC after finishing the traffic count survey 
or some of the parents collected their children earlier (i.e. before the interview 
commenced).  
Table 4.3  
Interview Response Rate at the surveyed LDCCs 
Site 
Number 
No. of Staff & Children 
attended the LDCC on the 
day of Survey 
Required 
Sample 
Size 
Total 
Responses 
Response 
Rate (%) 
Site 1 90 47 65 72.22 
Site 2 129 56 109 84.50 
Site 3 132 56 105 79.55 
Site 4 32 25 26 81.25 
Site 5 126 55 85 67.46 
Site 6 53 35 42 79.25 
Site 7 26 21 21 80.77 
Site 8 100 50 89 89.00 
Site 9 37 27 35 94.59 
Site 10 70 41 46 65.71 
Site 11 36 27 29 80.56 
Site 12 156 60 102 65.38 
Site 13 90 47 68 75.56 
Site 14 42 30 38 90.48 
Site 15 63 39 55 78.30 
Average    77.41 
 
It should be noted that the required sample size in Table 4.3 was calculated based 
on Equations 4.8 and 4.9. Table 4.3 also shows that the total responses to the interview 
in all surveyed sites are higher than the required sample size. As a result, the quantity of 
the responses was statistically significant. 
Overall, the high response rate to the interview can be interpreted as that the 
survey’s result is able to show the overall effect of trip chaining and the modal split of 
the LDCCs to an acceptable level. 
In respect to the modal split associated with the LDCCs, results from the 
customer interview in Table 4.4 show that the average use of private car was 89.69% 
followed by 5.45% walking, 2.62% public transport and 1.82% cycling. The identified 
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high percentage of private car usage in Table 4.4 coincides with the results from the 
traffic count survey. 
It is noted that the results from Table 4.4 were used to divide pedestrian trip 
generation figures in Table 4.2 into public transport and walking. 
Table 4.4  
Modal Shares at the surveyed LDCCs 
Site Number 
Private Car Public Transport Walking Cycling 
# % # % # % # % 
Site 1 65 86.15 2 3.08 6 9.23 1 1.54 
Site 2 104 95.41 3 2.75 1 0.92 1 0.92 
Site 3 89 84.76 5 4.76 10 9.52 1 0.95 
Site 4 17 65.38 0 0.00 8 30.77 1 3.85 
Site 5 82 96.47 1 1.18 2 2.35 0 0.00 
Site 6 38 90.48 1 2.38 2 4.76 1 2.38 
Site 7 16 76.19 2 9.52 3 14.29 0 0.00 
Site 8 89 100.00 0 0.00 0 0.00 0 0.00 
Site 9 32 91.43 1 2.86 2 5.71 0 0.00 
Site 10 45 97.83 0 0.00 1 2.17 0 0.00 
Site 11 24 82.76 2 6.90 3 10.34 0 0.00 
Site 12 98 96.08 3 2.94 1 0.98 0 0.00 
Site 13 61 89.71 2 2.94 5 7.35 0 0.00 
Site 14 38 100.00 0 0.00 0 0.00 0 0.00 
Site 15 51 92.73 0 0.00 3 5.45 1 1.82 
Average 56 89.69 1.47 2.62 3.13 5.45 0.4 1.82 
Coefficient of 
Variation 
0.53  0.99  0.93  1.27  
 
Finally, Table 4.5 demonstrates the results of the customer interview at the 
selected LDCCs in relation to trip chaining. Table 4.5 shows that the majority of the 
parents go to work after leaving their children at the LDCC while home is the next 
popular destination after visiting the LDCC. To determine the effect of trip chaining, it 
was assumed that only the trips with home as the next destination after visiting the 
LDCC would be the trips for which the LDCC was their main purpose. Therefore, these 
trips were added to the number of staff who participated in the interview to identify the 
total trips to the LDCC without chained trips. Eventually, the result of the summation 
was divided to the total number of interviews to identify the percentage of total trips with 
the LDCC as the main destination. 
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Table 4.5  
Trip Chaining Percentage at the surveyed LDCCs 
Site 
Number 
Next Destination after Visiting LDCC 
No. of 
Interviewed 
Staff 
Total Trips 
with LDCC 
as the 
Main 
Destination 
Home Work Shop Recreation Other # % 
Site 1 3 41 4 0 1 16 19 29.23 
Site 2 15 61 0 3 4 26 41 37.61 
Site 3 10 76 1 1 7 10 20 19.05 
Site 4 4 15 2 0 1 4 8 30.77 
Site 5 13 49 1 1 6 15 28 32.94 
Site 6 4 24 0 0 3 11 15 35.71 
Site 7 2 10 1 0 3 5 7 33.33 
Site 8 10 56 1 0 5 17 27 30.34 
Site 9 3 25 0 1 0 6 9 25.71 
Site 10 6 25 0 0 5 10 16 34.78 
Site 11 4 13 1 3 1 7 11 37.93 
Site 12 19 49 5 2 1 26 45 44.12 
Site 13 11 39 0 2 2 14 25 36.76 
Site 14 3 21 1 2 2 9 12 31.58 
Site 15 5 33 0 1 4 12 17 30.91 
Average 7.47 35.8 1.13 1.07 3 21.53 20 32.72 
Coefficient 
of 
Variation 
0.70 0.54 1.33 1.03 0.70 0.54 0.57  
 
In summary, the average percentage of the trips to LDCCs without pass-by trips 
was 32.72% while the highest and the lowest percentages were 44.12% and 19.05% 
respectively. 
4.4.4 Socioeconomic and Demographic Indicators 
In order to develop the required socioeconomic and demographic related 
indicators for use in model calibration, information from 2006 Census Data was 
employed as it is able to provide data at a suburb level. However, direct application of 
the row socioeconomic and demographic data (e.g. age, gender, income and the like) 
from 2006 Census Data is not able to show socioeconomic and demographic differences 
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among suburbs. Consequently, a specific indicator for each of the proposed independent 
variables was created. 
As discussed in section 4.2, it was considered that age, gender, household size 
and number of children in household, were to be the demographic indicators for model 
development. Thus, gender ratio (𝑮) (i.e. number of men divided by number of women 
within a suburb) was used as an indicator to depict gender differences among suburbs 
while residents’ weighted average of age (𝑨), weighted average of household size 
(𝑯𝑺) and weighted average of number of children in household (𝑪𝒉) within each 
suburb were developed as a sign of age and household size, as listed in Table 4.6. 
Table 4.6  
Demographic Indicators 
 Suburb 
Weighted Average 
of Number of 
Children in 
Family (𝑪𝒉) 
Weighted 
Average 
Family 
Size (𝑯𝑺) 
Weighted 
Average 
Age (𝑨) 
Gender 
Ratio 
(𝑮) 
Battery Point 1.65 2.52 42.61 0.94 
Berriedale 1.81 2.85 41.53 0.94 
Claremont (Tas.) 1.79 2.89 39.11 0.91 
Glenorchy (Tas.) 1.78 2.86 39.97 0.90 
Hobart 1.49 2.42 39.48 1.05 
Lenah Valley 1.75 2.92 38.61 0.91 
Moonah 1.80 2.92 38.11 0.94 
New Town (Tas.) 1.76 2.91 41.20 0.97 
North Hobart 1.69 2.70 36.22 1.03 
Sandy Bay 1.76 2.76 41.51 0.96 
South Hobart 1.75 2.84 38.67 0.91 
 
To assess the appropriateness of the above-mentioned indicators for use in the 
model, a correlation analysis was undertaken by employing the SPSS software. Table 4.7 
shows the results of the correlation analysis. 
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Table 4.7 
Correlation among Demographic Indicators 
 
 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
 
The results of the correlation analysis show that there is a high correlation 
between average household size (𝑯𝑺) and average number of children in household 
(𝑪𝒉), which is significant at the 0.01 level. This finding might be correct, as any 
increase in the number of children will result in the increase in the household size. In 
addition, it was found that there is a correlation between gender ratio (𝑮) and average 
household size (𝑯𝑺) as well as between gender ratio (𝑮) and average number of 
children in household (𝑪𝒉) at the 0.05 level of significance.  
Consequently, according to the findings from the correlation analysis, it was 
decided to remove the average number of children in household (𝑪𝒉) from the dataset. 
In addition, in order to avoid the effects of the correlation between gender ratio (𝑮) and 
average household size (𝑯𝑺) on the model, it was considered that either a function of 
(𝑨) and (𝑮) or a function of (𝑨) and (𝑯𝑺) to should be used as the demographic 
independent variable for model development. 
In terms of socioeconomic indicators, average household income (𝑯𝑰) and 
average car ownership (𝑪𝑶) were determined for each suburb based on the 2006 Census 
Data for use as socioeconomic indicators. The employed population (both full time and 
part time) to unemployed population ratio (𝑬) within each suburb was also calculated to 
indicate employment rate (Table 4.8). 
  (𝑪𝒉) (𝑯𝑺) (𝑨) (𝑮) 
(𝑪𝒉) 
Pearson 
Correlation 
1 .915** .127 -.728* 
Sig. (2-tailed)  .000 .710 .011 
(𝑯𝑺) 
Pearson 
Correlation 
.915** 1 -.070 -.685* 
Sig. (2-tailed) .000  .838 .020 
(𝑨) 
Pearson 
Correlation 
.127 -.070 1 -.205 
Sig. (2-tailed) .710 .838  .545 
(𝑮) 
Pearson 
Correlation 
-.728* -.685* -.205 1* 
Sig. (2-tailed) .011 .020 .545  
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Table 4.8  
Socioeconomic Indicators 
Suburb 
Employment 
Ratio (𝑬) 
Average Car 
Ownership (𝑪𝑶) 
Average Household 
Income (𝑯𝑰) 
Battery Point 1.74 1.32 1871.45 
Berriedale 1.10 1.63 1217.55 
Claremont (Tas.) 1.20 1.55 1142.34 
Glenorchy (Tas.) 1.02 1.36 1087.97 
Hobart 1.57 1.11 1707.41 
Lenah Valley 2.05 1.63 1593.33 
Moonah 1.32 1.36 1182.76 
New Town (Tas.) 1.38 1.33 1629.19 
North Hobart 2.10 1.25 1652.41 
Sandy Bay 1.25 1.54 1816.04 
South Hobart 1.61 1.47 1627.41 
 
Similar to demographic indicators, a correlation analysis was undertaken to 
assess the appropriateness of the above-mentioned indicators for use in the model. Table 
4.9 shows the results of the correlation analysis. 
Table 4.9  
Correlation among Socioeconomic Indicators 
 
 
* Correlation is significant at the 0.05 level (2-tailed). 
 
A review of the correlation analysis results reveals that there is a correlation 
between employed population to unemployed population ratio (𝑬) and average 
household income (𝑯𝑰), which is significant at the 0.05 level. This finding is obvious as 
employment does have direct influence on household income.  
  (𝑬) (𝑪𝑶) (𝑯𝑰) 
(𝑬) 
Pearson 
Correlation 
1 -.229 .614* 
Sig. (2-tailed)  .499 .044 
(𝑪𝑶) 
Pearson 
Correlation 
-.229 1 -.291 
Sig. (2-tailed) .499  .385 
(𝑯𝑰) 
Pearson 
Correlation 
.614* -.291 1 
Sig. (2-tailed) .044 .385  
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As a result of the findings from correlation analysis, and similar to demographic 
indicators, it was considered that either a function of (𝑪𝑶) and (𝑬) or a function 
of (𝑪𝑶) and (𝑯𝑰) to should be used as the socioeconomic independent variable for 
model development in order to avoid the effects of the correlation between employed 
population to unemployed population ratio (𝑬) and average household income (𝑯𝑰) on 
the model. 
4.4.5 Urban Form Indicators 
In defining urban form indicators, the residential density to non-residential 
density ratio (𝑹) related to each suburb was selected for use in the model as one of the 
urban form indicators. It is noteworthy that residential density in this research refers to 
the actual density (not proposed density) of dwelling units (i.e. trip generators) within an 
area, while non-residential density is related to the actual density of other land uses (i.e. 
trip attractors) in that area.  
In addition, population density (𝑷) of each suburb was calculated as the other 
urban form indicator for use in model development. It is noted that the information 
associated with suburbs’ residential density, non-residential density and population 
density was collected through a discussion with Hobart and Glenorchy City Councils. 
Finally, the average distance to transit (𝑻) in each suburb has been defined as the 
last indicator associated with urban form. Employing the geographic coordinate data of 
bus stops throughout the Hobart region in combination with Hobart’s cadastral and road 
network maps in ArcGIS software, the distance from each lot within the Hobart area to 
the nearest public transport stop/station was calculated. Eventually, the average of the 
calculated distances for each suburb was applied as the average distance to transit 
indicator. 
A summary of the above mentioned indicators is shown in Table 4.10. 
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Table 4.10  
Urban Form Indicators 
Suburb 
Residential/Non-
residential Ratio (𝑹) 
Average Distance 
to Transit (𝑻) 
Population 
Density (𝑷) 
Battery Point 0.75 183.41 3082.28 
Berriedale 1.72 330.29 654.98 
Claremont (Tas.) 1.23 216.88 428.55 
Glenorchy (Tas.) 0.88 196.26 1008.18 
Hobart 0.44 135.87 995.34 
Lenah Valley 1.74 251.67 701.10 
Moonah 1.14 186.09 1847.45 
New Town (Tas.) 0.79 158.55 1473.70 
North Hobart 0.34 144.13 2534.33 
Sandy Bay 0.66 256.37 1617.02 
South Hobart 0.74 223.85 554.14 
 
A correlation analysis was also undertaken to assess the appropriateness of the 
above-mentioned indicators for use in the model. Table 4.11 shows the results of the 
correlation analysis. 
Table 4.11  
Correlation among Urban Form Indicators 
 
 
** Correlation is significant at the 0.01 level (2-tailed). 
 
The results of the correlation analysis show that there is a high correlation 
between residential density to non-residential density ratio (𝑹) and average distance to 
transit (𝑻) at the 0.01 level. This might be because residential areas have better access to 
public transport in comparison with non-residential areas. For this reason, the average 
distance to transit would be lower in a suburb with a higher percentage of residential 
  (𝑹) (𝑻) (𝑷) 
(𝑹) 
Pearson 
Correlation 
1 .751** -.502 
Sig. (2-tailed)  .008 .115 
(𝑻) 
Pearson 
Correlation 
.751** 1 -.464 
Sig. (2-tailed) .008  .151 
(𝑷) 
Pearson 
Correlation 
-.502 -.464 1 
Sig. (2-tailed) .115 .151  
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area. Consequently, a function of (𝑷) and (𝑻) or a function of (𝑷) and (𝑹) was used as 
the urban form independent variable for model development in order to avoid the effects 
of the correlation between residential density to non-residential density ratio (𝑹) and 
average distance to transit (𝑻) on the model. 
4.5 MODEL VARIABLES 
As outlined in section 4.3, the independent variables to the model were 
considered to be a function of socioeconomic, demographic and urban form related 
indicators, while trip generation per unit of the site indicator associated with a mode of 
transport was used as the dependent variable for model development.  
4.5.1 Dependent Variables 
As discussed in section 4.2, the following eight models were developed for the 
purpose of this research:  
1. Private car trip generation per staff 𝑻𝑮𝒑𝒔 
2. Private car trip generation per child 𝑻𝑮𝒑𝒄 
3. Public transport trip generation per staff 𝑻𝑮𝒕𝒔 
4. Public transport trip generation per child 𝑻𝑮𝒕𝒄 
5. Cycling trip generation per staff 𝑻𝑮𝒃𝒔 
6. Cycling trip generation per child 𝑻𝑮𝒃𝒄 
7. Walking trip generation per staff 𝑻𝑮𝒘𝒔 
8. Walking trip generation per child 𝑻𝑮𝒘𝒄 
 
With the application of Equation 4.3 from section 4.2 and employing the trip 
generation, mode choice and trip chaining information as well as the number of children 
and number of staff associated with the surveyed LDCCs, Table 4.12 shows the 
dependent variable values for each surveyed site (i.e. trip generation per unit of the site 
indicator associated with a mode of transport), which were utilised to calibrate the final 
model.  
It should be noted that in Table 4.12, mode of transport divided to (𝒑) means 
Private Car, (𝒕) indicates Public Transport, (𝒃) represents Cycling and (𝒘) expresses 
Walking, while (𝒄) and (𝒔) refers to the LDCCs’ Number of Staff and Number of 
Children respectively.  
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Table 4.12  
Final Dependent Variables for Use in Model Development 
Site 
Number 
𝑻𝑮𝒑𝒔 𝑻𝑮𝒑𝒄 𝑻𝑮𝒕𝒔 𝑻𝑮𝒕𝒄 𝑻𝑮𝒃𝒔 𝑻𝑮𝒃𝒄 𝑻𝑮𝒘𝒔 𝑻𝑮𝒘𝒄 
Site 1 0.20 0.75 0.04 0.01 0.02 0.00 0.13 0.03 
Site 2 0.35 1.37 0.07 0.02 0.03 0.01 0.02 0.01 
Site 3 0.17 0.52 0.06 0.02 0.01 0.00 0.12 0.04 
Site 4 0.40 2.77 0.00 0.00 0.00 0.00 2.08 0.30 
Site 5 0.31 1.13 0.10 0.03 0.00 0.00 0.20 0.06 
Site 6 0.42 2.06 0.04 0.01 0.00 0.00 0.08 0.02 
Site 7 0.24 1.00 0.13 0.03 0.00 0.00 0.20 0.05 
Site 8 0.31 1.53 0.00 0.00 0.00 0.00 0.00 0.00 
Site 9 0.24 1.24 0.04 0.01 0.00 0.00 0.09 0.02 
Site 10 0.38 2.26 0.00 0.00 0.00 0.00 0.31 0.05 
Site 11 0.30 1.04 0.13 0.04 0.09 0.03 0.20 0.06 
Site 12 0.37 0.92 0.04 0.01 0.00 0.00 0.01 0.00 
Site 13 0.30 1.50 0.05 0.01 0.02 0.00 0.12 0.02 
Site 14 0.40 1.47 0.00 0.00 0.00 0.00 0.00 0.00 
Site 15 0.31 1.08 0.00 0.00 0.00 0.00 0.11 0.03 
 
4.5.2 Independent Variables 
Similar to dependent variables, Table 4.13 shows the socioeconomic, 
demographic and urban form indicators’ values for each surveyed site where: 
(𝑬)         Employment Ratio  
(𝑪𝑶)      Average Car Ownership  
(𝑯𝑰)       Average Household Income   
(𝑯𝑺)      Weighted Average of Household Size  
(𝑨)         Residents’ Weighted Average of Age  
(𝑮)         Gender Ratio  
(𝑹)         Residential Density to Non-Residential Density Ratio  
(𝑻)          Average Distance to Transit  
(𝑷)         Population Density  
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Table 4.13  
Final Indicators for Independent Variable Development 
Suburb 
Socioeconomic 
Variables 
Demographic 
Variables 
Urban Form 
Variables 
𝑬 𝑪𝑶  𝑯𝑰 𝑯𝑺 𝑨  𝑮 𝑹 𝑻 𝑷 
Battery Point 1.74 1.32 1871.45 2.52 42.61 0.94 0.75 183.41 3082.28 
Berriedale 1.10 1.63 1217.55 2.85 41.53 0.94 1.72 330.29 654.98 
Claremont (Tas.) 1.20 1.55 1142.34 2.89 39.11 0.91 1.23 216.88 428.55 
Glenorchy (Tas.) 1.02 1.36 1087.97 2.86 39.97 0.90 0.88 196.26 1008.18 
Hobart 1.57 1.11 1707.41 2.42 39.48 1.05 0.44 135.87 995.34 
Lenah Valley 2.05 1.63 1593.33 2.92 38.61 0.91 1.74 251.67 701.10 
Moonah 1.32 1.36 1182.76 2.92 38.11 0.94 1.14 186.09 1847.45 
New Town (Tas.) 1.38 1.33 1629.19 2.91 41.20 0.97 0.79 158.55 1473.70 
North Hobart 2.10 1.25 1652.41 2.70 36.22 1.03 0.34 144.13 2534.33 
Sandy Bay 1.25 1.54 1816.04 2.76 41.51 0.96 0.66 256.37 1617.02 
South Hobart 1.61 1.47 1627.41 2.84 38.67 0.91 0.74 223.85 554.14 
 
Ultimately, the independent variables for use in model development would be a 
function of the above socioeconomic, demographic and urban form indicators. However, 
the results of the correlation analysis associated with socioeconomic, demographic and 
urban form indicators show that there are correlations between some of the proposed 
indicators. Consequently, in order to avoid the effects of the correlations, it was 
considered that either a function of (𝑨) and (𝑮) or a function of (𝑨) and (𝑯𝑺) to be 
used as the demographic independent variable for model development. Similarly, a 
function of (𝑪𝑶) and (𝑬) or a function of (𝑪𝑶) and (𝑯𝑰) was used as the 
socioeconomic independent variable while a function of (𝑷) and (𝑻) or a function 
of (𝑷) and (𝑹) was used as the urban form independent variable for model 
development. 
Consequently, the independent variables would be as follows: 
 
𝑰𝑺 = 𝒇(𝑪𝑶, 𝑬) 𝒐𝒓 𝒇(𝑪𝑶, 𝑯𝑰)                                                                   Equation 4.10 
𝑰𝑫 = 𝒇(𝑨, 𝑮) 𝒐𝒓 𝒇(𝑨, 𝑯𝑺)                                                                        Equation 4.11 
𝑰𝑼 = 𝒇(𝑷, 𝑹) 𝒐𝒓 𝒇(𝑷, 𝑻)                                                                           Equation 4.12 
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Where:          
𝑰𝑺 Socioeconomic related index 
𝑰𝑫 Demographic related index  
𝑰𝑼 Urban Form related index 
4.6 SUMMARY 
Eight multiple regression equations were considered to be developed for LDCC 
land use development type within the metropolitan region of Hobart, Australia, in order 
to estimate the hourly trip generation of LDCCs for the morning peak period. The 
independent variables to the model were considered to be a function of socioeconomic, 
demographic and urban form related indicators, while trip generation per unit of the site 
indicator associated with a mode of transport was used as the dependent variable for 
model development.  
The independent variables for use in model development were considered to be a 
function of socioeconomic, demographic and urban form indicators. However, the 
results of the correlation analysis associated with socioeconomic, demographic and 
urban form indicators show that there are correlations between some of the proposed 
indicators. Consequently, in order to avoid the effects of the correlations, it was 
considered that either a function of Residents’ Weighted Average of Age (𝑨) and 
Gender Ratio (𝑮) or a function of Residents’ Weighted Average of Age (𝑨) and 
Weighted Average of Household Size (𝑯𝑺) to be used as the demographic independent 
variable for model development. Similarly, a function of Average Car Ownership 
(𝑪𝑶) and Employment Ratio (𝑬) or a function of Average Car Ownership (𝑪𝑶) and 
Average Household Income (𝑯𝑰) was used as the socioeconomic independent variable 
while a function of Population Density (𝑷) and Average Distance to Transit (𝑻) or a 
function of (𝑷) and Residential Density to Non-Residential Density Ratio (𝑹) was used 
as the urban form independent variable for model development. 
In respect to data collection, two general types of information were collected and 
used for model calibration including socioeconomic, demographic and urban form 
related information for developing independent variables and trip generation, mode 
choice and trip chaining data and general information related to the existing proxy 
LDCCs for developing dependent variables. In terms of the independent variables, the 
socioeconomic, demographic and urban form related information at a suburb scale was 
used for calculating the independent variables for the purpose of this research due to the 
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availability of data. In addition, information from 2006 Census Data was employed to 
form socioeconomic and demographic related variables. Trip generation, mode choice 
and trip chaining data together with general information related to the existing proxy 
LDCCs were also gathered through traffic counts and customer interview at 15 selected 
LDCC sites to develop dependent variables. 
Ultimately, the results from the models were planned to be compared with the 
results from the model structure and the independent variables, which are commonly 
used in TIAs to assess whether the new method has provided more accurate results for 
use in TIAs. 
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5Chapter 5:  Model Calibration 
As detailed in section 4.2 – Model Structure, eight models were developed for 
the research.  Another eight models were also developed based on the conventional 
method for trip generation estimation for use in Transport Impact Assessments (TIAs). 
The later eight models will be mainly used for comparison with the first eight models to 
evaluate the performance of the proposed new approach for modelling trip generation. 
This chapter provides the findings from the model calibration stage. 
The first part of this chapter presents a brief discussion on the methodology of 
developing the models based on the proposed new approach for trip generation, as well 
as the models based on the conventional approach for trip generation estimation for use 
in TIAs. Configuration of variables for use in the models based on the proposed new 
approach for modelling trip generation is described in the following section. In terms of 
model calibration, the next section of this chapter explains the results associated with the 
models that are based on the proposed new approach for modelling trip generation, and 
compares them with the results from the models that are based on the conventional 
approach for trip generation estimation. This chapter consists of eight sub-sections; each 
is in relation to one trip generation category explained in section 4.2. Finally, the last part 
of this chapter presents the performance of the proposed new approach for modelling trip 
generation. 
5.1 METHODOLOGY 
As discussed in Chapter 4, eight multiple regression equations were developed to 
estimate the hourly trip generation for the Long Day Care Centre (LDCC) land use 
development type within the metropolitan region of Hobart, Australia, during the 
morning peak hour period. Each of the regression equations was associated with a mode 
of transport (i.e. Private Car (𝒑), Public Transport (𝒕), Cycling (𝒃) or Walking (𝒘)) 
and one of the LDCC’s indicators (i.e. Number of Staff (𝒔) or Number of Children (𝒄)).  
In addition, the independent variables for the model were defined as a function of 
socioeconomic, demographic and urban form indicators. In this regard, a function of 
Residents’ Weighted Average of Age (𝑨) and Gender Ratio (𝑮) or a function of 
Residents’ Weighted Average of Age (𝑨) and Weighted Average of Household Size 
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(𝑯𝑺) was used as the demographic independent variable. Similarly, a function of 
Average Car Ownership (𝑪𝑶) and Employment Ratio (𝑬) or a function of Average Car 
Ownership (𝑪𝑶) and Average Household Income (𝑯𝑰) was used as the socioeconomic 
independent variable, while a function of Population Density (𝑷) and Average Distance 
to Transit (𝑻) or a function of Population Density (𝑷) and Residential Density to Non-
Residential Density Ratio (𝑹), was used as the urban form independent variable for 
model development.  
Consequently, the mathematical model structure applied for developing the 
regression equations was as follows: 
 
𝑻𝑮𝒎𝒖 = 𝒄𝒔𝑰𝑺 + 𝒄𝑫𝑰𝑫 + 𝒄𝑼𝑰𝑼 + 𝒄𝟎                                                          Equation 5.1 
 
Where:          
𝑻𝑮𝒎𝒖 Trip Generation per unit of LDCC indicator associated with a 
mode of transport 
𝒎 Mode of transport including Private Car (𝒑), Public Transport 
(𝒕), Cycling (𝒃) and Walking (𝒘) 
𝒖 LDCC indicator including Number of Staff (𝒔) and Number of 
Children (𝒄) 
𝑰𝑺 Socioeconomic related index including 𝒇(𝑪𝑶, 𝑬) or 𝒇(𝑪𝑶, 𝑯𝑰) 
where 𝑯𝑰 is Average Household Income, 𝑬 is Employment 
Ratio and 𝑪𝑶 is Average Car Ownership 
𝑰𝑫 Demographic related index including 𝒇(𝑨, 𝑮) or 𝒇(𝑨, 𝑯𝑺) 
where 𝑨 is Residents’ Weighted Average of Age, 𝑮 is Gender 
Ratio, 𝑯𝑺 is Weighted Average of Household Size 
𝑰𝑼 Urban Form related index including 𝒇(𝑷, 𝑹) or 𝒇(𝑷, 𝑻) where 
𝑷 is Population Density, 𝑹 is Residential Density to Non-
Residential Density Ratio and 𝑻 is Average Distance to Transit 
𝒄𝑺 Coefficient related to 𝑰𝑺 
𝒄𝑫 Coefficient related to 𝑰𝑫 
𝒄𝑼 Coefficient related to 𝑰𝑼 
𝒄𝟎 Constant 
 
In order to evaluate the performance of the new models, another eight models 
were also developed based on the conventional method for trip generation estimation for 
use in TIAs. This type of models is quite simple in its form and is usually calibrated by 
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using only one or two factors associated with the land use type. Such models are based 
on regression analysis and represent “best fits” through the data points.  
Similar to the above eight multiple regression equations, which were based on 
the proposed new approach for modelling trip generation, the conventional models were 
categorised into: modes of transport (i.e. Private Car (𝒑), Public Transport (𝒕), Cycling 
(𝒃) or Walking (𝒘)). However, the independent variables for the models were either 
Number of Staff (𝒔) or Number of Children (𝐜). The mathematical model structure for 
developing the models, based on the currently used method of trip generation estimation 
was as follows: 
 
𝑻𝑮𝒎𝒖 = 𝒄𝒖𝒖 + 𝒄𝟎                                                                                          Equation 5.2 
 
Where:          
𝑻𝑮𝒎𝒖 Trip Generation per unit of LDCC indicator associated with a 
mode of transport 
𝒎 Mode of transport including Private Car (𝒑), Public Transport 
(𝒕), Cycling (𝒃) and Walking (𝒘) 
𝒖 LDCC indicator including Number of Staff (𝒔) and Number of 
Children (𝒄) 
𝒄𝒖 Coefficient related to 𝒖 
𝒄𝟎 Constant 
 
Consequently, with the consideration of Equation 5.1 and Equation 5.2, two 
models were developed for each of the following eight categories (i.e. one based on the 
proposed new approach for modelling trip generation and one based on the currently 
used method of trip generation estimation): 
1. Private car trip generation per staff 𝑻𝑮𝒑𝒔 
2. Private car trip generation per child 𝑻𝑮𝒑𝒄 
3. Public transport trip generation per staff 𝑻𝑮𝒕𝒔 
4. Public transport trip generation per child 𝑻𝑮𝒕𝒄 
5. Cycling trip generation per staff 𝑻𝑮𝒃𝒔 
6. Cycling trip generation per child 𝑻𝑮𝒃𝒄 
7. Walking trip generation per staff 𝑻𝑮𝒘𝒔 
8. Walking trip generation per child 𝑻𝑮𝒘𝒄 
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All of the above mentioned models (i.e. the models based on the proposed new 
approach for modelling trip generation as well as the models based on the currently used 
method of trip generation estimation) were developed by using SPSS software.  
The estimated trip generations from each model were compared with the actual 
trip generation data by undertaking the Two Sample Kolmogorov–Smirnov (TSKS) test. 
The TSKS test is a goodness-of-fit test that is used to determine whether two underlying 
one dimensional probability distributions are the same or not (Hesamian and Chachi 
2015). The null hypothesis of the TSKS test is that the samples are drawn from the same 
distribution.  
Eventually, the results of TSKS tests, together with other statistical tests, 
provided a base line to evaluate whether the proposed new approach for modelling trip 
generation or the models based on the currently used method of trip generation 
estimation will lead to more accurate results, which are closer to the reality. 
5.2 VARIABLES’ CONFIGURATION 
In terms of the independent variables associated with the models based on the 
proposed new approach for modelling trip generation, the functions of socioeconomic, 
demographic and urban form indicators were considered to be used in model 
development. In this respect, three indicators were selected for each of the above 
mentioned variable classifications to be employed as a function. However, due to the 
presence of cross correlation between some of the selected indicators in each variable 
category, those factors with no correlation were only considered for the model 
development.  
Afterwards, different combinations of the indicators were created for use in the 
models based on the proposed new approach for modelling trip generation. These 
combinations included multiplication and division of the selected indicators, as well as 
each of the indicators individually, and its reverse form. Addition and subtraction of the 
selected indicators were not considered as a combination of indicators, as the final model 
would result in a multiple regression model with more than three variables, which was 
not in the scope of the model.  
Regarding the demographic related variables, it was decided that a function of 
Residents’ Weighted Average of Age (𝑨) and Gender Ratio (𝑮) or a function of 
Residents’ Weighted Average of Age (𝑨) and Weighted Average of Household 
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Size (𝑯𝑺) would be used. Consequently, the following combinations were used for 
developing the models (Table 5.1): 
Table 5.1 
Proposed Combination of Demographic Indicators for use in Model Development 
Function Combinations 
Individual Indicators A, G, HS, 1/A, 1/G, 1/HS 
𝒇(𝑨, 𝑮) A/G, G/A, A×G, 1/A×G 
𝒇(𝑨, 𝑯𝑺) A/HS, HS/A, A×HS, 1/A×HS 
 
Furthermore, a function of Average Car Ownership (𝑪𝑶) and Employment 
Ratio (𝑬) or a function of Average Car Ownership (𝑪𝑶) and Average Household 
Income (𝑯𝑰) was used as the socioeconomic variable in the proposed new approach for 
modelling trip generation. Table 5.2 shows the supposed combinations of the 
socioeconomic indicators, for use in the proposed models. 
Table 5.2 
Proposed Combination of Socioeconomic Indicators for use in Model Development 
Function Combinations 
Individual Indicators CO, E, HI, 1/CO, 1/E, 1/HI 
𝒇(𝑪𝑶, 𝑬) CO/E, E/CO,CO×E, 1/CO×E 
𝒇(𝑪𝑶, 𝑯𝑰) CO/HI, HI/CO, CO×HI, 1/CO×HI 
 
Finally, a function of Population Density (𝑷) and Average Distance to Transit 
(𝑻) or a function of Population Density (𝑷) and Residential Density to Non-Residential 
Density Ratio (𝑹) was applied as the urban form variable for developing the models, 
based on the proposed new approach for modelling trip generation. As a result, the 
following combinations were used for model development (Table 5.3). 
Table 5.3 
Proposed Combination of Urban Form Indicators for use in Model Development 
Function Combinations 
Individual Indicators P, T, R, 1/P, 1/T, 1/R 
𝒇(𝑷, 𝑹) P/R, R/P, P×E, 1/P×E 
𝒇(𝑷, 𝑻) P/T, T/P, P×T, 1/P×T 
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5.3 MODEL CALIBRATION 
According to section 5.1, two models were developed for each of the following 
eight categories: one based on the proposed new approach and the other one based on the 
conventional method of trip generation estimation. The estimated trip generation values 
from each model were then compared with the actual trip generation data to evaluate 
which of the proposed new approach for modelling trip generation or the models based 
on the currently used method of trip generation estimation will lead to more accurate 
results, which are closer to reality. 
With respect to the independent variables, a function of socioeconomic, 
demographic and urban form indicators were considered to be used for developing the 
models based on the proposed new approach for modelling trip generation, while the 
independent variable for use in the models that related to the currently used method of 
trip generation estimation were either number of staff or number of children associated 
with the LDCCs.  
In terms of the models based on the proposed new approach for modelling trip 
generation, different combinations of socioeconomic, demographic and urban form 
variables were tested to find the combination which provides the best performance for 
the developed model. As each of the socioeconomic, demographic and urban form 
categories contains 14 configurations of indicators (refer to section 5.2), a total of 2,744 
different models (i.e. 14×14×14=2,744) were developed for each trip generation 
classification. Subsequently, the model with the highest coefficient of determination, R
2
 
was selected as the best model associated with each trip generation classification. 
Goodness-of-fit measures such as log-likelihood, Akaike Information Criterion (AIC) 
and Bayesian Information Criterion (BIC) were considered to be less suited to the 
purpose of selecting the best Multiple Linear Regression model associated with each trip 
generation classification than R
2
, because despite their scores being good comparators, 
they are not directly interpretable.  
Once the best model associated with each trip generation classification was 
selected, a correlation analysis was conducted for the independent variables of the 
selected model to ensure that there is no multi-co-linearity effect among the independent 
variables.  
It should be noted that the results from the model, created based on the proposed 
new approach for modelling trip generation, will be trip generation associated with 
LDCC per one staff or child. Consequently, number of staff/children associated with the 
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LDCC was multiplied to the model, to provide the total trip generation associated with 
the LDCC.  
Moreover, a superscript letter was added to the name of each model in order to 
show whether the model was created based on the proposed new approach for modelling 
trip generation or based on the currently used method of trip generation estimation. In 
this regard, letter N was used for the models using the proposed New method for 
modelling trip generation, while letter C was used for the models developed by the 
Conventional method of trip generation estimation. For instance, 𝑻𝑮𝒑𝒔
𝑵  means trip 
generation model created based on the proposed new approach for estimating private car 
trip generation per staff, while 𝑻𝑮𝒕𝒄
𝑪   means a public transport trip generation per child 
model developed by the currently used method of trip generation estimation. A model 
without a superscript letter represents the trip generation values that were utilised to 
calibrate the models (e.g. 𝑻𝑮𝒘𝒔).  
Finally, it is noteworthy that the estimated trip generation by any of the 
developed models was rounded up to the next integer after multiplying by the number of 
staff or children. 
The following sections provide the results from the model development phase, 
divided based on the eight trip generation categories as discussed in section 5.1. 
5.3.1 Private Car Trip Generation per Staff (TGps) 
This model estimates trips generated by LDCC that used private car as the mode 
of transport based on the number of LDCC staff. 
Model Based on the Proposed New Approach ( 𝑻𝑮𝒑𝒔
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the best multiple regression equation 
is a function of Residents’ Weighted Average of Age over Weighted Average of 
Household Size (i.e. A/HS) as the demographic variable, together with the function of 
Average Car Ownership over Average Household Income (i.e. CO/HI) as the 
socioeconomic variable and Average Distance to Transit (T) as the urban form variable, 
providing an R
2
 of 0.412. Table 5.4 shows the results associated with the regression 
model with the above mentioned independent variables for estimating private car trip 
generation of LDCCs, based on one staff member. 
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Table 5.4 
Specification of Private Car Trip Generation per Staff Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒑𝒔
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 7.124 2.617 2.729 0.020 
A/HS -0.404 0.158 -2.554 0.027 
CO/HI -1109.375 794.690 -1.396 0.190 
T 0.005 0.003 1.731 0.111 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒑𝒔
𝑵  0.642 0.412 0.251 0.51616 
 
The final model for the estimation of the total private car trip generation based on 
the proposed new approach for modelling trip generation is as follows, where (s) is 
LDCC’s number of staff: 
 
𝑻𝑮𝒑𝒔
𝑵  = (-0.404 A/HS - 1109.375 CO/HI + 0.005 T + 7.124) × s                Equation 5.3 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒑𝒔
𝑪  ) 
This model used Number of Staff (s) as the independent variable to develop the 
model based on the currently used method of trip generation estimation. Table 5.5 shows 
the results associated with the regression model for estimating private car trip generation 
of LDCCs based on their number of staff. 
Table 5.5 
Specification of Private Car Trip Generation Model based on the Number of Staff (Current Method) 
Dependent Variable 𝑻𝑮𝒑𝒔
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 7.942 3.047 2.606 0.022 
s 0.723 0.153 4.717 0.000 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒑𝒔
𝑪  0.795 0.631 0.603 6.670 
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The final model for the estimation of private car trip generation per LDCC staff 
based on the currently used method of trip generation estimation was as follows: 
 
𝑻𝑮𝒑𝒔
𝑪  = 0.723 s + 7.942                                                                                   Equation 5.4 
 
Comparison of ( 𝑻𝑮𝒑𝒔
𝑵  ) and ( 𝑻𝑮𝒑𝒔
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the currently used method of trip generation estimation is better fitted to the actual 
data with a higher R
2
 value at 0.631. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.3 and Equation 5.4. Subsequently, the results were compared with the trip 
generation values, which were utilised to calibrate the models. A careful examination of 
the results (Table 5.6) shows that the proposed new approach for modelling trip 
generation provided more accurate results, which are closer to reality. To be more 
precise, the difference between 𝑻𝑮𝒑𝒔
𝑵  and 𝑻𝑮𝒑𝒔 ranged between 7 and -7 trips, while the 
difference between 𝑻𝑮𝒑𝒔
𝑪  and 𝑻𝑮𝒑𝒔 ranged from 15 to -9 trips. It should be noted that in 
Table 5.6, in order for ease of comparison, the lesser of the two absolute differences 
between the models is highlighted in bold, and where models have the same difference, 
highlighted in italics. 
Figure 5.1 also illustrates the results of the two models compared to the trip 
generation values that were utilised to calibrate the models. It should be noted that the 
sites were placed in descending order in terms of actual  𝑻𝑮𝒑𝒔 in order to identify any 
systematic over or underestimation. 
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Table 5.6 
Private Car Trip Generation Estimation based on the Number of Staff 
Site Number 𝑻𝑮𝒑𝒔 𝑻𝑮𝒑𝒔
𝑪  
Difference with 
𝑻𝑮𝒑𝒔 𝑻𝑮𝒑𝒔
𝑵  
Difference with 
𝑻𝑮𝒑𝒔  
# % # % 
Site 1 15 22 7 46.67 10 -5 -33.33 
Site 2 36 27 -9 -25.00 42 6 16.67 
Site 3 17 32 15 88.24 20 3 17.65 
Site 4 12 11 -1 -8.33 7 -5 -41.67 
Site 5 31 28 -3 -9.68 38 7 22.58 
Site 6 19 15 -4 -21.05 13 -6 -31.58 
Site 7 5 12 7 140.00 7 2 40.00 
Site 8 27 21 -6 -22.22 33 6 22.22 
Site 9 8 13 5 62.50 8 0 0.00 
Site 10 23 16 -7 -30.43 16 -7 -30.43 
Site 11 9 14 5 55.56 13 4 44.44 
Site 12 42 41 -1 -2.38 49 7 16.66 
Site 13 23 19 -4 -17.39 17 -6 -26.09 
Site 14 14 15 1 7.14 12 -2 -14.29 
Site 15 16 19 3 18.75 18 2 12.50 
Average 19.80 20.33   20.20   
Coefficient of 
Variation 
0.53 0.42   0.67   
 
 
Figure 5.1. LDCCs’ private car trip generation based on the number of staff  
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In addition, the result of the TSKS test for 𝑻𝑮𝒑𝒔
𝑪  model and 𝑻𝑮𝒑𝒔 show that at 
the 0.05 level of significance, the critical value is 0.110 while the statistic value is 0.037. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒑𝒔
𝑵  
model and 𝑻𝑮𝒑𝒔 are 0.110 and 0.044 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, it can be concluded that the 
distributions of the results from both models are not the same as the distribution of the 
trip generation values, which were utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation at an accurate level. 
However, it can be concluded that the 𝑻𝑮𝒑𝒔
𝑵  model provides closer results to 𝑻𝑮𝒑𝒔 as 
most of the results associated with the model, based on the proposed new approach for 
modelling trip generation, are closer to the actual trip generation values (i.e. 9 out of 15) 
and the difference between 𝑻𝑮𝒑𝒔
𝑵  and 𝑻𝑮𝒑𝒔 shows smaller variation compared to the 
difference between 𝑻𝑮𝒑𝒔
𝑪  and 𝑻𝑮𝒑𝒔 .  However, the 𝑻𝑮𝒑𝒔
𝑪  model shows higher R
2
. 
5.3.2 Private Car Trip Generation per Child (TGpc) 
This model estimates trips generated by LDCC that used private car as their 
mode of transport based on the number of LDCC children. 
Model Based on the Proposed New Approach ( 𝑻𝑮𝒑𝒄
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of Residents’ Weighted 
Average of Age over Weighted Average of Household Size (i.e. A/HS) as the 
demographic variable together with Average Car Ownership (CO) as the socioeconomic 
variable and Average Distance to Transit (T) as the urban form variable provided the 
best multiple regression equation, providing an R
2
 of 0.616. Table 5.7 shows the results 
associated with the regression model with the above-mentioned independent variables 
for estimating private car trip generation of LDCCs based on one child. 
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Table 5.7 
Specification of Private Car Trip Generation per Child Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒑𝒄
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 1.382 0.432 3.196 0.009 
A/HS -0.055 0.016 -3.394 0.006 
CO -0.509 0.290 -1.757 0.107 
T 0.002 0.001 2.535 0.028 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒑𝒄
𝑵  0.785 0.616 0.511 0.05299 
 
Consequently, the final model for the estimation of the total private car trip 
generation based on the proposed new approach for modelling trip generation was as 
follows, where (c) is LDCC’s number of children: 
 
𝑻𝑮𝒑𝒄
𝑵  = (-0.055 A/HS – 0.509 CO + 0.002 T + 1.382) × c                           Equation 5.5 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒑𝒄
𝑪  ) 
This model used Number of Children (c) as the independent variable to develop 
the model based on the currently used method of trip generation estimation. Table 5.8 
shows the results associated with the regression model for estimating private car trip 
generation of LDCCs based on their number of children. 
Table 5.8 
Specification of Private Car Trip Generation Model based on the Number of Children (Current 
Method) 
Dependent Variable 𝑻𝑮𝒑𝒄
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 1.631 3.236 0.504 0.623 
c 0.291 0.047 6.246 0.000 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒑𝒄
𝑪  0.866 0.750 0.731 5.491 
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Consequently, the final model for the estimation of private car trip generation per 
LDCC children based on the currently used method of trip generation estimation was as 
follows: 
 
𝑻𝑮𝒑𝒄
𝑪  = 0.291 c + 1.631                                                                                   Equation 5.6 
 
Comparison of ( 𝑻𝑮𝒑𝒄
𝑵  ) and ( 𝑻𝑮𝒑𝒄
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the currently used method of trip generation estimation is better fitted to the data, 
which used for model calibration with higher R
2
 equal to 0.750. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.5 and Equation 5.6. Subsequently, the results were compared with the trip 
generation values that were utilised to calibrate the models. A careful examination of the 
results (Table 5.9) shows that the proposed new approach for modelling trip generation 
provided more accurate results which are closer to reality. To be more precise, the 
difference between 𝑻𝑮𝒑𝒄
𝑵  and 𝑻𝑮𝒑𝒄 ranged between 1 and -7 trips and while the 
difference between 𝑻𝑮𝒑𝒄
𝑪  and 𝑻𝑮𝒑𝒄 ranged from 14 to -8 trips.  
It should be noted that in Table 5.9, in order for ease of comparison, the lesser of 
the two absolute differences between models is highlighted in bold, and where models 
have the same difference, highlighted in italics. 
Figure 5.2 also illustrates the results of the two models compared to the trip 
generation values that were utilised to calibrate the models. It should be noted that the 
sites were placed in descending order in terms of actual  𝑻𝑮𝒑𝒄 in order to identify any 
systematic over or underestimation. 
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Table 5.9 
Private Car Trip Generation Estimation based on the Number of Children 
Site Number 𝑻𝑮𝒑𝒄 𝑻𝑮𝒑𝒄
𝑪  
Difference with 
𝑻𝑮𝒑𝒄 𝑻𝑮𝒑𝒄
𝑵  
Difference with 
𝑻𝑮𝒑𝒄  
# % # % 
Site 1 15 23 8 53.33 14 -1 -6.66 
Site 2 36 32 -4 -11.11 31 -5 -13.89 
Site 3 17 31 14 82.35 18 1 5.88 
Site 4 12 10 -2 -16.67 10 -2 -16.67 
Site 5 31 31 0 0.00 28 -3 -9.68 
Site 6 19 15 -4 -21.05 13 -6 -31.58 
Site 7 5 8 3 60.00 6 1 20.00 
Site 8 27 26 -1 -3.70 28 1 3.70 
Site 9 8 11 3 37.50 8 0 0.00 
Site 10 23 20 -3 -13.04 21 -2 -8.69 
Site 11 9 10 1 11.11 10 1 11.11 
Site 12 42 34 -8 -19.05 35 -7 -16.67 
Site 13 23 24 1 4.35 24 1 4.35 
Site 14 14 12 -2 -14.29 13 -1 -7.14 
Site 15 16 16 0 0.00 14 -2 -12.50 
Average 19.80 20.20   18.20   
Coefficient of 
Variation 
0.53 0.45   0.50   
 
 
 
Figure 5.2. LDCCs’ private car trip generation based on the number of children  
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In addition, the result of the TSKS test for 𝑻𝑮𝒑𝒄
𝑪  model and 𝑻𝑮𝒑𝒄 show that at 
the 0.05 level of significance, the critical value is 0.110 while the statistic value is 0.055. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒑𝒄
𝑵  
model and 𝑻𝑮𝒑𝒄 are 0.113 and 0.020 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, the distributions of the results 
from both models are not same as the distribution of the trip generation values, which 
were utilised to calibrate the models.  
As most of the results associated with the model, based on the proposed new 
approach for modelling trip generation, are closer to the actual trip generation values (i.e. 
10 out of 15) and the difference between 𝑻𝑮𝒑𝒄
𝑵  and 𝑻𝑮𝒑𝒄 shows smaller variation 
compared to the difference between 𝑻𝑮𝒑𝒄
𝑪  and 𝑻𝑮𝒑𝒄 , it can be concluded that 
predominantly, the 𝑻𝑮𝒑𝒄
𝑵  model provides closer results to 𝑻𝑮𝒑𝒄 whereas the  𝑻𝑮𝒑𝒄
𝑪  
model shows higher R
2
. 
5.3.3 Public Transport Trip Generation per Staff (TGts) 
This model estimates trips generated by LDCC that used public transport as their 
mode of transport based on the number of LDCC staff. 
Model Based on the Proposed New Approach ( 𝑻𝑮𝒕𝒔
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of one over Residents’ 
Weighted Average of Age times Gender Ratio (i.e. 1/A×G) as the demographic variable, 
together with the function of Average Household Income over Average Car Ownership 
(i.e. HI/CO) as the socioeconomic variable and the function of Residential Density to 
Non-Residential Density Ratio over Population Density (R/P) as the urban form 
variable, provided the best multiple regression equation with the R
2
 of 0.431. Table 5.10 
shows the results associated with the regression model with the above-mentioned 
independent variables for estimating public transport trip generation of LDCCs based on 
one staff member. 
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Table 5.10 
Specification of Public Transport Trip Generation per Staff Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒕𝒔
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.319 0.268 1.189 0.259 
1/A×G -6.741 8.504 -0.793 0.445 
HI/CO -5.355E-5 0.000 -0.874 0.401 
R/P -36.140 14.698 -2.459 0.032 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒕𝒔
𝑵  0.656 0.431 0.275 0.03910 
 
Consequently, the final model for the estimation of the total private car trip 
generation based on the proposed new approach for modelling trip generation was as 
follows, where (s) is LDCC’s number of staff: 
 
𝑻𝑮𝒕𝒔
𝑵  = (-6.741/A×G - 5.355E-5 HI/CO - 36.140 R/P + 0.319) × s             Equation 5.7 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒕𝒔
𝑪  ) 
This model used Number of Staff (s) as the independent variable to develop the 
model based on the currently used method of trip generation estimation. Table 5.11 
shows the results associated with the regression model for estimating public transport 
trip generation of LDCCs, based on their number of staff. 
Table 5.11 
Specification of Public Transport Trip Generation Model based on the Number of Staff (Current 
Method) 
Dependent Variable 𝑻𝑮𝒕𝒔
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.247 0.363 0.681 0.508 
s 0.050 0.018 2.736 0.017 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒕𝒔
𝑪  0.604 0.365 0.317 0.795 
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Consequently, the final model for the estimation of public transport trip 
generation per LDCC staff based on the currently used method of trip generation 
estimation was as follows: 
 
𝑻𝑮𝒕𝒔
𝑪  = 0.050 s + 0.247                                                                                   Equation 5.8 
 
Comparison of ( 𝑻𝑮𝒕𝒔
𝑵  ) and ( 𝑻𝑮𝒕𝒔
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the proposed new approach for modelling trip generation is better fitted to the data, 
which was used for model calibration with higher R
2
 equal to 0.431. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.7 and Equation 5.8. Subsequently, the results were compared with the trip 
generation values that were utilised to calibrate the models. Table 5.12 shows the results 
of the trip generation estimation based on the developed models and their differences 
with the actual trip generation values. It is noted that the difference between 𝑻𝑮𝒕𝒔
𝑵  
and 𝑻𝑮𝒕𝒔 ranged between 1 and -1 trip while the difference between 𝑻𝑮𝒕𝒔
𝑪  and 𝑻𝑮𝒕𝒔 
ranged from 2 to -1 trips. In addition, the results of both models are almost similar to 
each other except for two differences (i.e. for sites 8 and 15), for which the 𝑻𝑮𝒕𝒔
𝑵  model 
provides more accurate results.  
It should be noted that in Table 5.12, in order for ease of comparison, the lesser 
of the two absolute differences between models is highlighted in bold, and where models 
have the same difference, highlighted in italics. 
Figure 5.3 also illustrates the results of the two models compared to the trip 
generation values which were utilised to calibrate the models. It should be noted that the 
sites were placed in descending order in terms of actual 𝑻𝑮𝒕𝒔 in order to identify any 
systematic over or underestimation. 
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Table 5.12 
Public Transport Trip Generation Estimation based on the Number of Staff 
Site Number 𝑻𝑮𝒕𝒔 𝑻𝑮𝒕𝒔
𝑪  
Difference with 
𝑻𝑮𝒕𝒔 𝑻𝑮𝒕𝒔
𝑵  
Difference with 
𝑻𝑮𝒕𝒔  
# % # % 
Site 1 1 2 1 100.00 2 1 100.00 
Site 2 2 2 0 0.00 2 0 0.00 
Site 3 2 2 0 0.00 2 0 0.00 
Site 4 0 1 1 100.00 1 1 100.00 
Site 5 3 2 -1 -33.33 2 -1 -33.33 
Site 6 1 1 0 0.00 1 0 0.00 
Site 7 1 1 0 0.00 1 0 0.00 
Site 8 0 2 2 200.00 0 0 0.00 
Site 9 1 1 0 0.00 1 0 0.00 
Site 10 0 1 1 100.00 1 1 100.00 
Site 11 2 1 -1 -50.00 1 -1 -50.00 
Site 12 2 3 1 50.00 3 1 50.00 
Site 13 1 1 0 0.00 1 0 0.00 
Site 14 0 1 1 100.00 1 1 100.00 
Site 15 0 1 1 100.00 0 0 00.00 
Average 1.07 1.47   1.27   
Coefficient of 
Variation 
0.90 0.44   0.63   
 
 
 
 
Figure 5.3. LDCCs’ public transport trip generation based on the number of staff  
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In addition, the result of the TSKS test for 𝑻𝑮𝒕𝒔
𝑪  model and 𝑻𝑮𝒕𝒔 show that at the 
0.05 level of significance, the critical value is 0.448 while the statistic value is 0.154. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒕𝒔
𝑵  
model and 𝑻𝑮𝒕𝒔 are 0.437 and 0.108 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, the distributions of the results 
from both models are not same as the distribution of the trip generation values that were 
utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation at an accurate level. 
However, it can be concluded that the 𝑻𝑮𝒕𝒔
𝑵  model provides closer results to 𝑻𝑮𝒕𝒔 as 
𝑻𝑮𝒕𝒔
𝑵   model shows higher R
2
. However, both models are able to provide results close to 
the reality in some cases. 
5.3.4 Public Transport Trip Generation per Child (TGtc) 
This model estimates trips generated by LDCC that used public transport as their 
mode of transport based on the number of LDCC children. 
Model Based on the Proposed New Approach ( 𝑻𝑮𝒕𝒄
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of one over Residents’ 
Weighted Average of Age times Gender Ratio (i.e. 1/A×G) as the demographic variable, 
together with the function of Average Household Income over Average Car Ownership 
(i.e. HI/CO) as the socioeconomic variable and the function of Residential Density to 
Non-Residential Density Ratio over Population Density (R/P) as the urban form 
variable, provided the best multiple regression equation with the R
2
 of 0.400. Table 5.13 
shows the results associated with the regression model with the above-mentioned 
independent variables for estimating public transport trip generation of LDCCs based on 
one child. 
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Table 5.13 
Specification of Public Transport Trip Generation per Child Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒕𝒄
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.072 0.074 0.977 0.350 
1/A×G -1.330 2.350 -0.566 0.583 
HI/CO -1.411E-5 0.000 -0.833 0.422 
R/P -9.744 4.062 -2.399 0.035 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒕𝒄
𝑵  0.632 0.400 0.236 0.01080 
 
Consequently, the final model for the estimation of the total public transport trip 
generation based on the proposed new approach for modelling trip generation was as 
follows, where (c) is LDCC’s number of children: 
 
𝑻𝑮𝒕𝒄
𝑵  = (-1.33/A×G – 1.411E-5 HI/CO – 9.744 R/P + 0.072) × c               Equation 5.9 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒕𝒄
𝑪  ) 
This model used Number of Children (c) as the independent variable to develop 
the model based on the currently used method of trip generation estimation. Table 5.14 
shows the results associated with the regression model for estimating public transport 
trip generation of LDCCs based on their number of children. 
Table 5.14 
Specification of Public Transport Trip Generation Model based on the Number of Children (Current 
Method) 
Dependent Variable 𝑻𝑮𝒕𝒄
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.057 0.498 0.114 0.911 
c 0.016 0.007 2.255 0.042 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒕𝒄
𝑪  0.530 0.281 0.226 0.846 
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Consequently, the final model for the estimation of public transport trip 
generation per LDCC child based on the currently used method of trip generation 
estimation was as follows: 
𝑻𝑮𝒕𝒄
𝑪  = 0.016 c + 0.057                                                                                 Equation 5.10 
 
Comparison of ( 𝑻𝑮𝒕𝒄
𝑵  ) and ( 𝑻𝑮𝒕𝒄
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the proposed new approach for modelling trip generation is better fitted to the data, 
which used for model calibration with higher R
2
 equal to 0.400. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.9 and Equation 5.10. Subsequently, the results were compared with the trip 
generation values, which were utilised to calibrate the models. Table 5.15 shows the 
results of the trip generation estimation based on the developed models and their 
differences with the actual trip generation values. It is noted that the difference between 
𝑻𝑮𝒕𝒄
𝑵  and 𝑻𝑮𝒕𝒄 as well as the difference between 𝑻𝑮𝒕𝒄
𝑪  and 𝑻𝑮𝒕𝒄 ranged between 2 and -
1 trips. In addition, the results of both models are almost similar to each other except for 
three differences (i.e. for sites 1, 8 and 15) which the 𝑻𝑮𝒕𝒄
𝑵  model provides more 
accurate results.  
It should be noted that in Table 5.15, in order for ease of comparison, the lesser 
of the two absolute differences between models is highlighted in bold, and where models 
have the same difference, highlighted in italics. 
Figure 5.4 also illustrates the results of the two models compared to the trip 
generation values which were utilised to calibrate the models. It should be noted that the 
sites were placed in descending order in terms of actual  𝑻𝑮𝒕𝒄 in order to identify any 
systematic over or underestimation. 
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Table 5.15 
Public Transport Trip Generation Estimation based on the Number of Children 
Site Number 𝑻𝑮𝒕𝒄 𝑻𝑮𝒕𝒄
𝑪  
Difference with 
𝑻𝑮𝒕𝒄 𝑻𝑮𝒕𝒄
𝑵  
Difference with 
𝑻𝑮𝒕𝒄  
# % # % 
Site 1 1 2 1 100.00 1 0 0.00 
Site 2 2 2 0 0.00 2 0 0.00 
Site 3 2 2 0 0.00 2 0 0.00 
Site 4 0 1 1 100.00 1 1 100.00 
Site 5 3 2 -1 -33.33 2 -1 -33.33 
Site 6 1 1 0 0.00 1 0 0.00 
Site 7 1 1 0 0.00 1 0 0.00 
Site 8 0 2 2 200.00 0 0 0.00 
Site 9 1 1 0 0.00 1 0 0.00 
Site 10 0 2 2 200.00 2 2 200.00 
Site 11 2 1 -1 -50.00 1 -1 -50.00 
Site 12 2 2 0 0.00 2 0 0.00 
Site 13 1 2 1 100.00 2 1 100.00 
Site 14 0 1 1 100.00 1 1 100.00 
Site 15 0 1 1 100.00 0 0 0.00 
Average 1.07 1.53   1.27   
Coefficient of 
Variation 
0.90 0.34   0.56   
 
 
 
 
Figure 5.4. LDCCs’ public transport trip generation based on the number of children  
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In addition, the result of the TSKS tests for 𝑻𝑮𝒕𝒄
𝑪  model and 𝑻𝑮𝒕𝒄 show that at 
the 0.05 level of significance, the critical value is 0.421 while the statistic value is 0.147. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒕𝒄
𝑵  
model and 𝑻𝑮𝒕𝒄 are 0.437 and 0.048 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, the distributions of the results 
from both models are not same as the distribution of the trip generation values that were 
utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation at an accurate level. 
However, it can be concluded that the 𝑻𝑮𝒕𝒄
𝑵  model provides closer results to 𝑻𝑮𝒕𝒄 as 
𝑻𝑮𝒕𝒄
𝑵   model shows higher R
2
. However, both models are able to provide results close to 
reality in some cases. 
5.3.5 Cycling Trip Generation per Staff (TGbs) 
This model estimates trips generated by LDCC that used bicycle as their mode of 
transport based on the number of LDCC staff. 
Model Based on the Proposed New Approach ( 𝑻𝑮𝒃𝒔
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of Residents’ Weighted 
Average of Age over Gender Ratio (i.e. A/G) as the demographic variable, together with 
the function of one over Average Household Income times Average Car Ownership (i.e. 
1/HI×CO) as the socioeconomic variable and the function of Residential Density to 
Non-Residential Density Ratio times Population Density (i.e. R×P) as the urban form 
variable, provided the best multiple regression equation with the R
2
 of 0.423. Table 5.16 
shows the results associated with the regression model with the above-mentioned 
independent variables for estimating cycling trip generation of LDCCs based on one 
staff member. 
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Table 5.16 
Specification of Cycling Trip Generation per Staff Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒃𝒔
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.105 0.094 1.121 0.286 
A/G -0.004 0.002 -1.667 0.124 
1/HI×CO 73.063 49.760 1.468 0.170 
R×P 1.643E-5 0.000 1.684 0.120 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒃𝒔
𝑵  0.651 0.423 0.266 0.02142 
 
Consequently, the final model for the estimation of the total cycling trip 
generation, based on the proposed new approach for modelling trip generation was as 
follows, where (s) is LDCC’s number of staff: 
 
𝑻𝑮𝒃𝒔
𝑵  = (-0.004 A/G + 73.063/HI×CO + 1.643E-5 R×P + 0.105) × s       Equation 5.11 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒃𝒔
𝑪  ) 
This model used Number of Staff (s) as the independent variable to develop the 
model based on the currently used method of trip generation estimation. Table 5.17 
shows the results associated with the regression model for estimating cycling trip 
generation of LDCCs based on their number of staff. 
Table 5.17 
Specification of Bicycle Trip Generation Model based on the Number of Staff (Current Method) 
Dependent Variable 𝑻𝑮𝒃𝒔
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.177 0.225 0.788 0.445 
s 0.010 0.011 0.839 0.417 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒃𝒔
𝑪  0.227 0.051 -0.022 0.493 
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Consequently, the final model for the estimation of cycling trip generation per 
LDCC staff based on the currently used method of trip generation estimation was as 
follows: 
𝑻𝑮𝒃𝒔
𝑪  = 0.010 s + 0.177                                                                                 Equation 5.12 
 
The small value associated with the independent variable in the above equation 
may lead to a fixed result in almost all cases. 
Comparison of ( 𝑻𝑮𝒃𝒔
𝑵  ) and ( 𝑻𝑮𝒃𝒔
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the proposed new approach for modelling trip generation is better fitted to the data 
that was used for model calibration with higher R
2
 equal to 0.423. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.11 and Equation 5.12. Subsequently, the results were compared with the trip 
generation values that were utilised to calibrate the models. Table 5.18 shows the results 
of the trip generation estimation based on the developed models and their differences 
with the actual trip generation values. It is noted that the difference between 𝑻𝑮𝒃𝒔
𝑵  
and 𝑻𝑮𝒃𝒔 ranged between 1 and -1 trip, while the difference between 𝑻𝑮𝒃𝒔
𝑪  and 𝑻𝑮𝒃𝒔 
was from 0 to 1 trip.  
It should be noted that in Table 5.18, in order for ease of comparison, the lesser 
of the two absolute differences between models is highlighted in bold, and where models 
have the same difference, highlighted in italics. 
Figure 5.5 also illustrates the results of the two models compared to the trip 
generation values which were utilised to calibrate the models. It should be noted that the 
sites were placed in a descending order in terms of actual 𝑻𝑮𝒃𝒔 in order to identify any 
systematic over or underestimation. 
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Table 5.18 
Bicycle Trip Generation Estimation based on the Number of Staff 
Site Number 𝑻𝑮𝒃𝒔 𝑻𝑮𝒃𝒔
𝑪  
Difference with 
𝑻𝑮𝒃𝒔 𝑻𝑮𝒃𝒔
𝑵  
Difference with 
𝑻𝑮𝒃𝒔  
# % # % 
Site 1 1 1 0 0.00 0 -1 -100.00 
Site 2 1 1 0 0.00 1 0 0.00 
Site 3 1 1 0 0.00 0 -1 -100.00 
Site 4 0 1 1 100.00 0 0 0.00 
Site 5 0 1 1 100.00 0 0 0.00 
Site 6 0 1 1 100.00 0 0 0.00 
Site 7 0 1 1 100.00 0 0 0.00 
Site 8 0 1 1 100.00 0 0 0.00 
Site 9 0 1 1 100.00 0 0 0.00 
Site 10 0 1 1 100.00 1 1 100.00 
Site 11 1 1 0 0.00 1 0 0.00 
Site 12 0 1 1 100.00 0 0 0.00 
Site 13 1 1 0 0.00 0 -1 -100.00 
Site 14 0 1 1 100.00 0 0 0.00 
Site 15 0 1 1 100.00 0 0 0.00 
Average 0.33 1.00   0.20   
Coefficient of 
Variation 
1.46 0.00   2.07   
 
 
 
 
Figure 5.5. LDCCs’ bicycle trip generation based on the number of staff  
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In addition, the result of the TSKS test for 𝑻𝑮𝒃𝒔
𝑪  model and 𝑻𝑮𝒃𝒔 show that at 
the 0.05 level of significance, the critical value is 0.643 while the statistic value is 0.4. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒃𝒔
𝑵  
model and 𝑻𝑮𝒃𝒔  are 0.865 and 0.267 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, the distributions of the results 
from both models are not same as the distribution of the trip generation values that were 
utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation at an accurate level. 
However, the 𝑻𝑮𝒃𝒔
𝑵  model shows higher R2 and higher number of correct result (i.e. 11 
out of 15). Instead, the 𝑻𝑮𝒃𝒔
𝑪  model provided a fixed result for all cases. As a result, it 
can be concluded that the 𝑻𝑮𝒃𝒔
𝑵  model provides better performance compared to the 
𝑻𝑮𝒃𝒔
𝑪   model. 
5.3.6 Cycling Trip Generation per Child (TGbc) 
This model estimates trips generated by LDCC that used bicycle as their mode of 
transport based on the number of LDCC children. 
Model Based on the Proposed New Approach ( 𝑻𝑮𝒃𝒄
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of Residents’ Weighted 
Average of Age over Gender Ratio (i.e. A/G) as the demographic variable, together with 
the function of one over Average Household Income times Average Car Ownership (i.e. 
1/HI×CO) as the socioeconomic variable and the function of Residential Density to 
Non-Residential Density Ratio times Population Density (i.e. R×P) as the urban form 
variable, provided the best multiple regression equation with the R
2
 of 0.423. Table 5.19 
shows the results associated with the regression model with the above-mentioned 
independent variables for estimating cycling trip generation of LDCCs, based on one 
child. 
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Table 5.19 
Specification of Cycling Trip Generation per Child Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒃𝒄
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.030 0.088 1.121 0.286 
A/G -0.001 0.000 -1.651 0.127 
1/HI×CO 18.570 49.428 1.325 0.212 
R×P 5.024E-6 0.000 1.828 0.095 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒃𝒄
𝑵  0.650 0.423 0.256 0.00604 
 
Consequently, the final model for the estimation of the total bicycle trip 
generation based on the proposed new approach for modelling trip generation was as 
follows, where (c) is LDCC’s number of children: 
 
𝑻𝑮𝒃𝒄
𝑵  = (-0.001 A/G + 18.57/HI×CO + 5.024E-6 R×P + 0.03) × c          Equation 5.13 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒃𝒄
𝑪  ) 
This model used Number of Children (c) as the independent variable to develop 
the model, based on the currently used method of trip generation estimation. Table 5.20 
shows the results associated with the regression model for estimating cycling trip 
generation of LDCCs based on their number of children. 
Table 5.20 
Specification of Cycling Trip Generation Model based on the Number of Children (Current Method) 
Dependent Variable 𝑻𝑮𝒃𝒄
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.041 0.284 0.144 0.888 
c 0.005 0.004 1.143 0.274 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒃𝒄
𝑪  0.302 0.091 0.021 0.483 
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Consequently, the final model for the estimation of bicycle trip generation per 
LDCC children based on the currently used method of trip generation estimation was as 
follows: 
 
𝑻𝑮𝒃𝒄
𝑪  = 0.005 c + 0.041                                                                                Equation 5.14 
 
The small value associated with the independent variable in the above equation 
may lead to a fixed result in almost all cases.  
Comparison of ( 𝑻𝑮𝒃𝒄
𝑵  ) and ( 𝑻𝑮𝒃𝒄
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the proposed new approach for modelling trip generation is better fitted to the data 
that was used for model calibration with higher R
2
 equal to 0.423. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.13 and Equation 5.14. Subsequently, the results were compared with the trip 
generation values that were utilised to calibrate the models. Table 5.21 shows the results 
of the trip generation estimation based on the developed models and their differences 
with the actual trip generation values. It is noted that the difference between 𝑻𝑮𝒃𝒄
𝑵  
and 𝑻𝑮𝒃𝒄 as well as the difference between 𝑻𝑮𝒃𝒄
𝑪  and 𝑻𝑮𝒃𝒄 ranged between 0 and 1 trip.  
It should be noted that in Table 5.21, in order for ease of comparison, the lesser 
of the two absolute differences between models is highlighted in bold, and where models 
have the same difference, highlighted in italics. 
Figure 5.6 also illustrates the results of the two models compared to the trip 
generation values that were utilised to calibrate the models. It should be noted that the 
sites were placed in a descending order in terms of actual 𝑻𝑮𝒃𝒄 in order to identify any 
systematic over or underestimation. 
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Table 5.21 
Bicycle Trip Generation Estimation based on the Number of Children 
Site Number 𝑻𝑮𝒃𝒄 𝑻𝑮𝒃𝒄
𝑪  
Difference with 
𝑻𝑮𝒃𝒄 𝑻𝑮𝒃𝒄
𝑵  
Difference with 
𝑻𝑮𝒃𝒄  
# % # % 
Site 1 1 1 0 0.00 1 0 0.00 
Site 2 1 1 0 0.00 1 0 0.00 
Site 3 1 1 0 0.00 1 0 0.00 
Site 4 0 1 1 100.00 0 0 0.00 
Site 5 0 1 1 100.00 0 0 0.00 
Site 6 0 1 1 100.00 0 0 0.00 
Site 7 0 1 1 100.00 0 0 0.00 
Site 8 0 1 1 100.00 1 1 100.00 
Site 9 0 1 1 100.00 1 1 100.00 
Site 10 0 1 1 100.00 1 1 100.00 
Site 11 1 1 0 0.00 1 0 0.00 
Site 12 0 1 1 100.00 1 1 100.00 
Site 13 1 1 0 0.00 1 0 0.00 
Site 14 0 1 1 100.00 0 0 0.00 
Site 15 0 1 1 100.00 1 1 100.00 
Average 0.33 1.00   0.67   
Coefficient of 
Variation 
1.46 0.00   0.73   
 
 
 
 
Figure 5.6. LDCCs’ cycling trip generation based on the number of children  
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In addition, the result of the TSKS test for 𝑻𝑮𝒃𝒄
𝑪  model and 𝑻𝑮𝒃𝒄 show that at 
the 0.05 level of significance, the critical value is 0.643 while the statistic value is 0.400. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒃𝒄
𝑵  
model and 𝑻𝑮𝒃𝒄 are 0.677 and 0.167 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, the distributions of the results 
from both models are not same as the distribution of the trip generation values that were 
utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation in an accurate level. 
However, the 𝑻𝑮𝒃𝒄
𝑵  model shows higher R2 and a higher number of correct results (i.e. 
10 out of 15). Instead, the 𝑻𝑮𝒃𝒄
𝑪   model provided a fixed result for all cases. As a result, 
it can be concluded that the 𝑻𝑮𝒃𝒄
𝑵   model provides better performance compared to the 
𝑻𝑮𝒃𝒄
𝑪   model. 
5.3.7 Walking Trip Generation per Staff (TGws) 
This model estimates trips generated by LDCC that used walking as their mode 
of transport based on the number of LDCC staff. 
Model Based on the Proposed New Approach ( 𝑻𝑮𝒘𝒔
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of Residents’ Weighted 
Average of Age times Gender Ratio (i.e. A×G) as the demographic variable, together 
with the function of one over Average Household Income times Average Car Ownership 
(i.e. 1/HI×CO) as the socioeconomic variable and the function of one over Residential 
Density to Non-Residential Density Ratio times Population Density (i.e. 1/R×P) as the 
urban form variable, provided the best multiple regression equation with the R
2
 of 0.492. 
Table 5.22 shows the results associated with the regression model with the above-
mentioned independent variables for estimating walking trip generation of LDCCs based 
on one staff member. 
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Table 5.22 
Specification of Walking Trip Generation per Staff Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒘𝒔
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 4.545 2.459 1.848 0.092 
A×G -0.105 0.057 -1.850 0.091 
1/HI×CO -1712.928 1087.501 -1.575 0.144 
1/R×P 446.046 179.643 2.483 0.030 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒘𝒔
𝑵  0.702 0.492 0.354 0.41365 
 
Consequently, the final model for the estimation of the total walking trip 
generation based on the proposed new approach for modelling trip generation was as 
follows, where (s) is LDCC’s number of staff: 
 
𝑻𝑮𝒘𝒔
𝑵  = (-0.105 A×G – 1712.928/HI×CO + 4446.05/R×P + 4.545) × s    Equation 5.15 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒘𝒔
𝑪  ) 
This model used Number of Staff (s) as the independent variable to develop the 
model based on the currently used method of trip generation estimation. Table 5.23 
shows the results associated with the regression model for estimating walking trip 
generation of LDCCs based on their number of staff. 
Table 5.23 
Specification of Walking Trip Generation Model based on the Number of Staff (Current Method) 
Dependent Variable 𝑻𝑮𝒘𝒔
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 2.629 1.158 2.270 0.041 
s -0.010 0.058 -0.170 0.867 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒘𝒔
𝑪  0.047 0.002 -0.075 2.535 
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Consequently, the final model for the estimation of walking trip generation per 
LDCC staff based on the currently used method of trip generation estimation was as 
follows: 
 
𝑻𝑮𝒃𝒔
𝑪  = -0.01 s + 2.629                                                                                 Equation 5.16 
 
The small value associated with the independent variable in the above equation 
may lead to a fixed result in almost all cases.  
Comparison of ( 𝑻𝑮𝒘𝒔
𝑵  ) and ( 𝑻𝑮𝒘𝒔
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the proposed new approach for modelling trip generation is better fitted to the data 
which was used for model calibration with higher R
2
 equal to 0.492. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.15 and Equation 5.16. Subsequently, the results were compared with the trip 
generation values that were utilised to calibrate the models. Table 5.24 shows the results 
of the trip generation estimation based on the developed models and their differences 
with the actual trip generation values. It is noted that the difference between 𝑻𝑮𝒘𝒔
𝑵  
and 𝑻𝑮𝒘𝒔 ranged between 10 and -4 trip while the difference between 𝑻𝑮𝒘𝒔
𝑪  and 𝑻𝑮𝒘𝒔 
was from 3 to -6 trip.  
It should be noted that in Table 5.24, in order for ease of comparison, the lesser 
of the two absolute differences between models is highlighted in bold, and where models 
have the same difference, highlighted in italics. 
Figure 5.7 also illustrates the results of the two models compared to the trip 
generation values that were utilised to calibrate the models. It should be noted that the 
sites were placed in a descending order in terms of actual  𝑻𝑮𝒘𝒔 in order to identify any 
systematic over or under-estimation. 
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Table 5.24 
Walking Trip Generation Estimation based on the Number of Staff 
Site Number 𝑻𝑮𝒘𝒔 𝑻𝑮𝒘𝒔
𝑪  
Difference with 
𝑻𝑮𝒘𝒔 𝑻𝑮𝒘𝒔
𝑵  
Difference with 
𝑻𝑮𝒘𝒔  
# % # % 
Site 1 3 3 0 0.00 7 4 133.33 
Site 2 1 3 2 200.00 9 8 800.00 
Site 3 4 3 -1 -25.00 0 -4 -100.00 
Site 4 9 3 -6 -66.67 5 -4 -44.44 
Site 5 6 3 -3 -50.00 5 -1 -16.67 
Site 6 1 3 2 200.00 2 1 100.00 
Site 7 1 3 2 200.00 1 0 0.00 
Site 8 0 3 3 300.00 10 10 1000.00 
Site 9 1 3 2 200.00 0 -4 -100.00 
Site 10 4 3 -1 -25.00 0 -1 -100.00 
Site 11 2 3 1 50.00 0 -2 -100.00 
Site 12 1 3 2 200.00 6 5 500.00 
Site 13 2 3 1 50.00 2 0 0.00 
Site 14 0 3 3 300.00 0 0 0.00 
Site 15 2 3 1 50.00 10 8 400.00 
Average 2.47 3.00   3.80   
Coefficient of 
Variation 
0.99 0.00   1.02   
 
 
 
 
Figure 5.7. LDCCs’ walking trip generation based on the number of staff  
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In addition, the result of the TSKS test for 𝑻𝑮𝒘𝒔
𝑪  model and 𝑻𝑮𝒘𝒔 show that at 
the 0.05 level of significance, the critical value is 0.292 while the statistic value is 0.288. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒘𝒔
𝑵  
model and 𝑻𝑮𝒘𝒔 are 0.278 and 0.151 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, the distributions of the results 
from both models are not same as the distribution of the trip generation values that were 
utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation at an accurate level. 
However, the 𝑻𝑮𝒘𝒔
𝑵  model shows higher R2. Instead, the 𝑻𝑮𝒘𝒔
𝑪  model provided a fixed 
result for all cases, while the results from this model are closer to the actual trip 
generation values. This is as a result of the actual trip generation values associated with 
walking being relatively low and the constant result of the 𝑻𝑮𝒘𝒔
𝑪  model is close to those 
actual trip generation values (i.e. the results from the 𝑻𝑮𝒘𝒔
𝑪  model would not be 
necessarily close to the actual trip generation values if there was high walking trip 
generation associated with the LDCC). For this reason, it can be predominantly 
concluded that the 𝑻𝑮𝒘𝒔
𝑵  model provides better performance compared to the 𝑻𝑮𝒘𝒔
𝑪   
model. 
5.3.8 Walking Trip Generation per Child (TGwc) 
This model estimates trips generated by LDCC that used walking as their mode 
of transport based on the number of LDCC children. 
Model Based on the Proposed New Approach ( 𝑻𝑮𝒘𝒄
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of Residents’ Weighted 
Average of Age times Gender Ratio (i.e. A×G) as the demographic variable, together 
with the function of one over Average Household Income times Average Car Ownership 
(i.e. 1/HI×CO) as the socioeconomic variable and the function of one over Residential 
Density to Non-Residential Density Ratio times Population Density (i.e. 1/R×P) as the 
urban form variable, provided the best multiple regression equation with the R
2
 of 0.455. 
Table 5.25 shows the results associated with the regression model with the above-
mentioned independent variables for estimating walking trip generation of LDCCs, 
based on one child. 
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Table 5.25 
Specification of Walking Trip Generation per Child Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒘𝒄
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.613 0.358 1.712 0.115 
A×G -0.014 0.008 -1.664 0.124 
1/HI×CO -238.381 158.423 -1.505 0.161 
1/R×P 60.710 26.170 2.320 0.041 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒘𝒄
𝑵  0.674 0.455 0.306 0.06026 
 
Consequently, the final model for the estimation of the total walking trip 
generation, based on the proposed new approach for modelling trip generation was as 
follows, where (c) is LDCC’s number of children: 
 
𝑻𝑮𝒘𝒄
𝑵  = (-0.014 A×G – 238.381/HI×CO + 60.71/R×P + 0.613) × c         Equation 5.17 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒘𝒄
𝑪  ) 
This model used Number of Children (c) as the independent variable to develop 
the model, based on the currently used method of trip generation estimation. Table 5.26 
shows the results associated with the regression model for estimating walking trip 
generation of LDCCs, based on their number of children. 
Table 5.26 
Specification of Walking Trip Generation Model based on the Number of Children (Current Method) 
Dependent Variable 𝑻𝑮𝒘𝒄
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 2.448 1.496 1.637 0.126 
c 0.0003 0.022 0.014 0.989 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒘𝒄
𝑪  0.004 0.000 -0.077 2.538 
 
Chapter 5:  Model Calibration  
Amir Mousavi Page 127 
Consequently, the final model for the estimation of walking trip generation per 
LDCC children, based on the currently used method of trip generation estimation was as 
follows: 
 
𝑻𝑮𝒘𝒄
𝑪  = 0.0003 c + 2.448                                                                              Equation 5.18 
 
The very small value associated with the independent variable in the above 
equation may lead to a fixed result in almost all cases.  
Comparison of ( 𝑻𝑮𝒘𝒄
𝑵  ) and ( 𝑻𝑮𝒘𝒄
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the proposed new approach for modelling trip generation is better fitted to the data 
that used for model calibration with higher R
2
 equal to 0.455.  
Trip generation estimation of the surveyed sites was also calculated, based on 
Equation 5.17 and Equation 5.18. Subsequently, the results were compared with the trip 
generation values that were utilised to calibrate the models. Table 5.27 shows the results 
of the trip generation estimation based on the developed models and their differences 
with the actual trip generation values. It is noted that the difference between 𝑻𝑮𝒘𝒄
𝑵  
and 𝑻𝑮𝒘𝒄 ranged between 10 and -4 trip while the difference between 𝑻𝑮𝒘𝒄
𝑪  and 𝑻𝑮𝒘𝒄 
ranged from 3 to -6 trips.  
It should be noted that in Table 5.27, in order for ease of comparison, the lesser 
of the two absolute differences between models is highlighted in bold, and where models 
have the same difference, highlighted in italics. 
Figure 5.8 also illustrates the results of the two models compared to the trip 
generation values that were utilised to calibrate the models. It should be noted that the 
sites were placed in descending order in terms of actual 𝑻𝑮𝒘𝒄 in order to identify any 
systematic over or underestimation. 
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Table 5.27 
Walking Trip Generation Estimation based on the Number of Children 
Site Number 𝑻𝑮𝒘𝒄 𝑻𝑮𝒘𝒄
𝑪  
Difference with 
𝑻𝑮𝒘𝒄 𝑻𝑮𝒘𝒄
𝑵  
Difference with 
𝑻𝑮𝒘𝒄  
# % # % 
Site 1 3 3 0 0.00 4 1 33.33 
Site 2 1 3 2 200.00 5 4 400.00 
Site 3 4 3 -1 -25.00 0 -4 -100.00 
Site 4 9 3 -6 -66.67 5 -4 -44.44 
Site 5 6 3 -3 -50.00 3 -3 -50.00 
Site 6 1 3 2 200.00 2 1 100.00 
Site 7 1 3 2 200.00 1 0 0.00 
Site 8 0 3 3 300.00 7 7 700.00 
Site 9 1 3 2 200.00 0 -1 -100.00 
Site 10 4 3 -1 -25.00 0 -4 -100.00 
Site 11 2 3 1 50.00 0 -2 -100.00 
Site 12 1 3 2 200.00 3 2 200.00 
Site 13 2 3 1 50.00 2 0 0.00 
Site 14 0 3 3 300.00 0 0 0.00 
Site 15 2 3 1 50.00 5 3 150.00 
Average 2.47 3.00   2.47   
Coefficient of 
Variation 
0.99 0.00   0.94   
 
 
 
Figure 5.8. LDCCs’ walking trip generation based on the number of children  
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In addition, the result of the TSKS test for 𝑻𝑮𝒘𝒄
𝑪  model and 𝑻𝑮𝒘𝒄 shows that at 
the 0.05 level of significance, the critical value is 0.292 while the statistic value is 0.288. 
Similarly, the critical value and the statistic value of the TSKS test associated with the 
𝑻𝑮𝒘𝒄
𝑵  model and 𝑻𝑮𝒘𝒄 are 0.305 and 0.196 respectively at the 0.05 level of significance. 
Since the results from both tests show that the critical value is higher than the statistic 
value, the null hypothesis is rejected for both tests. As a result, the distributions of the 
results from both models are not same as the distribution of the trip generation values, 
which were utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation in an accurate level. 
However, the 𝑻𝑮𝒘𝒄
𝑵  model shows higher R2. Instead, the 𝑻𝑮𝒘𝒄
𝑪   model provided a fixed 
result for all cases while the results from this model are closer to the actual trip 
generation values. This is as a result of the actual trip generation values associated with 
walking being relatively low and the constant result of the 𝑻𝑮𝒘𝒄
𝑪  model is close to those 
actual trip generation values (i.e. the results from the 𝑻𝑮𝒘𝒄
𝑪  model would not be 
necessarily close to the actual trip generation values if there was high walking trip 
generation associated with the LDCC). For this reason, it can be predominantly 
concluded that the 𝑻𝑮𝒘𝒄
𝑵  model provides better performance compare to the 𝑻𝑮𝒘𝒄
𝑪   
model. 
5.4 ADDITIONAL MODEL DEVELOPMENT 
An initial investigation into the results of the developed models show that the 
models associated with non-car modes of transport (i.e. walking, cycling and public 
transport) are not able to provide an appropriate estimation of trip generation for those 
transport modes. This might be as a result of the mode shares and the numbers of trips 
being low for any given site.  
Consequently, it was considered appropriate to develop further models for 
combined walking and cycling trips (i.e. active transport) and for combined walking, 
cycling and public transport (i.e. non-car transport) in order to develop models with 
better performance. 
The following sections provide the results of the above-mentioned models. 
5.4.1 Active Transport Trip Generation per Staff (TGas) 
This model estimates trips generated by LDCC that used active transport (a) as 
their mode of transport (i.e. bicycle or walking) based on the number of LDCC staff. 
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Model Based on the Proposed New Approach ( 𝑻𝑮𝒂𝒔
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of Residents’ Weighted 
Average of Age times Gender Ratio (i.e. A×G) as the demographic variable, together 
with the function of one over Average Household Income (i.e. 1/HI) as the 
socioeconomic variable and the function of one over Residential Density to Non-
Residential Density Ratio times Population Density (i.e. 1/R×P) as the urban form 
variable, provided the best multiple regression equation with the R
2
 of 0.480. Table 5.28 
shows the results associated with the regression model with the above-mentioned 
independent variables for estimating active transport trip generation of LDCCs based on 
one staff member. 
Table 5.28 
Specification of Active Transport Trip Generation per Staff Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒂𝒔
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 5.265 2.797 1.883 0.086 
A×G -0.119 0.062 -1.927 0.080 
1/HI -1370.615 912.430 -1.502 0.161 
1/R×P 408.926 182.311 2.243 0.046 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒂𝒔
𝑵  0.693 0.480 0.339 0.41701 
 
Consequently, the final model for the estimation of the total active transport trip 
generation at same time, based on the proposed new approach for modelling trip 
generation, was as follows where (s) is LDCC’s number of staff: 
 
𝑻𝑮𝒂𝒔
𝑵  = (-0.119 A×G – 1370.615/HI + 408.926/R×P + 5.265) × s            Equation 5.19 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒂𝒔
𝑪  ) 
This model used Number of Staff (s) as the independent variable to develop the 
model based on the currently used method of trip generation estimation. Table 5.29 
Chapter 5:  Model Calibration  
Amir Mousavi Page 131 
shows the results associated with the regression model for estimating active transport trip 
generation of LDCCs based on their number of staff. 
Table 5.29 
Specification of Active Transport Trip Generation Model based on the Number of Staff (Current 
Method) 
Dependent Variable 𝑻𝑮𝒂𝒔
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 2.378 1.084 2.194 0.047 
s -0.007 0.055 -0.122 0.905 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒂𝒔
𝑪  0.034 0.001 -0.076 2.37253 
 
Consequently, the final model for the estimation of active transport trip 
generation per LDCC staff based on the currently used method of trip generation 
estimation was as follows: 
 
𝑻𝑮𝒂𝒔
𝑪  = -0.007 s + 2.378                                                                               Equation 5.20 
 
The small value associated with the independent variable in the above equation 
may lead to a fixed result in almost all cases. 
Comparison of ( 𝑻𝑮𝒂𝒔
𝑵  ) and ( 𝑻𝑮𝒂𝒔
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the proposed new approach for modelling trip generation is better fitted to the data, 
which was used for model calibration with higher R
2
 equal to 0.480. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.19 and Equation 5.20. Subsequently, the results were compared with the trip 
generation values that were utilised to calibrate the models. Table 5.30 shows the results 
of the trip generation estimation based on the developed models and their differences 
with the actual trip generation values. It is noted that the difference between 𝑻𝑮𝒂𝒔
𝑵  
and 𝑻𝑮𝒂𝒔 ranged between 11 and -4 trip, while the difference between 𝑻𝑮𝒂𝒔
𝑪  and 𝑻𝑮𝒂𝒔 
was from 3 to -6 trip. It should be noted that in Table 5.30, in order for ease of 
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comparison, the lesser of the two absolute differences between models is highlighted in 
bold, and where models have the same difference, highlighted in italics. 
Table 5.30 
Active Transport Trip Generation Estimation based on the Number of Staff 
Site Number 𝑻𝑮𝒂𝒔 𝑻𝑮𝒂𝒔
𝑪  
Difference with 
𝑻𝑮𝒂𝒔 𝑻𝑮𝒂𝒔
𝑵  
Difference with 
𝑻𝑮𝒂𝒔  
# % # % 
Site 1 3 3 0 0.00 10 7 233.33 
Site 2 2 3 1 50.00 13 11 550.00 
Site 3 5 3 -2 -40.00 2 -3 -60.00 
Site 4 9 3 -6 -66.67 5 -4 -44.44 
Site 5 6 3 -3 -50.00 5 -1 16.67 
Site 6 1 3 2 200.00 2 1 100.00 
Site 7 1 3 2 200.00 1 0 0.00 
Site 8 0 3 3 300.00 10 10 1000.00 
Site 9 1 3 2 200.00 1 0 0.00 
Site 10 4 3 -1 -25.00 1 -3 -75.00 
Site 11 3 3 0 0.00 1 -2 -66.67 
Site 12 1 3 2 200.00 10 9 900.00 
Site 13 3 3 0 0.00 4 1 -33.33 
Site 14 0 3 3 300.00 0 0 0.00 
Site 15 2 3 1 50.00 9 7 350.00 
Average 2.37 3.00   4.93   
Coefficient of 
Variation 
0.90 0.00   0.88   
 
Figure 5.9 also illustrates the results of the two models compared to the trip 
generation values that were utilised to calibrate the models. It should be noted that the 
sites were placed in descending order in terms of actual  𝑻𝑮𝒂𝒔 in order to identify any 
systematic over or under-estimation. 
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Figure 5.9. LDCCs’ active transport trip generation based on the number of staff  
In addition, the result of the TSKS test for 𝑻𝑮𝒂𝒔
𝑪  model and 𝑻𝑮𝒂𝒔 show that at 
the 0.05 level of significance, the critical value is 0.284 while the statistic value is 0.276. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒂𝒔
𝑵  
model and 𝑻𝑮𝒂𝒔 are 0.257 and 0.177 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, the distributions of the results 
from both models are not same as the distribution of the trip generation values that were 
utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation at an accurate level. 
However, the 𝑻𝑮𝒂𝒔
𝑵  model shows higher R2. Instead, the 𝑻𝑮𝒂𝒔
𝑪  model provided a fixed 
result for all cases and approximately two thirds of the results of the 𝑻𝑮𝒂𝒔
𝑪  model (i.e. 9 
out of 15) are closer to the trip generation values that were utilised to calibrate the 
models. This might be as a result of the actual trip generation values associated with 
active transport being relatively low and the constant results of the 𝑻𝑮𝒂𝒔
𝑪  model are close 
to those actual trip generation values (i.e. the results from this model would not be 
necessarily close to the actual trip generation values if there is high active trip generation 
associated with the LDCC). For this reason, it is not possible to conclude which model 
provides better performance. 
5.4.2 Active Transport Trip Generation per Child (TGac) 
This model estimates trips generated by LDCC that used active transport (a) as 
their mode of transport (i.e. bicycle or walking) based on the number of LDCC children. 
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Model Based on the Proposed New Approach ( 𝑻𝑮𝒂𝒄
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of Residents’ Weighted 
Average of Age times Gender Ratio (i.e. A×G) as the demographic variable, together 
with the function of one over Average Household Income (i.e. 1/HI) as the 
socioeconomic variable and the function of one over Residential Density to Non-
Residential Density Ratio times Population Density (i.e. 1/R×P) as the urban form 
variable provided the best multiple regression equation with the R
2
 of 0.432. Table 5.31 
shows the results associated with the regression model with the above-mentioned 
independent variables for estimating active transport trip generation of LDCCs based on 
one child.  
Table 5.31 
Specification of Active Transport Trip Generation per Child Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒂𝒄
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.734 0.414 1.776 0.103 
A×G -0.016 0.009 -1.766 0.105 
1/HI -193.577 134.924 -1.435 0.179 
1/R×P 53.922 26.959 2.000 0.071 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒂𝒄
𝑵  0.657 0.432 0.277 0.06166 
 
Consequently, the final model for the estimation of the total active transport trip 
generation at the same time, based on the proposed new approach for modelling trip 
generation, was as follows where (c) is LDCC’s number of children: 
 
𝑻𝑮𝒂𝒄
𝑵  = (-0.016 A×G – 193.577/HI + 53.922/ R×P + 0.734) × c              Equation 5.21 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒂𝒄
𝑪  ) 
This model used Number of Children (c) as the independent variable to develop 
the model, based on the currently used method of trip generation estimation. Table 5.32 
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shows the results associated with the regression model for estimating active transport trip 
generation of LDCCs based on their number of children. 
Table 5.32 
Specification of Active Transport Trip Generation Model based on the Number of Children (Current 
Method) 
Dependent Variable 𝑻𝑮𝒂𝒄
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 2.159 1.399 1.544 0.147 
c 0.002 0.020 0.087 0.932 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒂𝒄
𝑪  0.024 0.001 -0.076 2.37321 
 
Consequently, the final model for the estimation of active transport trip 
generation per LDCC children based on the currently used method of trip generation 
estimation was as follows: 
 
𝑻𝑮𝒂𝒄
𝑪  = 0.002 c + 2.159                                                                                Equation 5.22 
 
The small value associated with the independent variable in the above equation 
may lead to a fixed result in almost all cases.  
Comparison of ( 𝑻𝑮𝒂𝒄
𝑵  ) and ( 𝑻𝑮𝒂𝒄
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the proposed new approach for modelling trip generation is better fitted to the data 
that was used for model calibration with higher R
2
 equal to 0.432. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.21 and Equation 5.22. Subsequently, the results were compared with the trip 
generation values that were utilised to calibrate the models. Table 5.33 shows the results 
of the trip generation estimation based on the developed models and their differences 
with the actual trip generation values. It is noted that the difference between 𝑻𝑮𝒂𝒄
𝑵  
and 𝑻𝑮𝒂𝒄 ranged between 9 and -3 trip, while the difference between 𝑻𝑮𝒂𝒄
𝑪  and 𝑻𝑮𝒂𝒄 
was from 3 to -6 trip.  
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It should be noted that in Table 5.33, in order for ease of comparison, the lesser 
of the two absolute differences between models is highlighted in bold, and where models 
have the same difference, highlighted in italics. 
Table 5.33 
Active Transport Trip Generation Estimation based on the Number of Children 
Site Number 𝑻𝑮𝒂𝒄 𝑻𝑮𝒂𝒄
𝑪  
Difference with 
𝑻𝑮𝒂𝒄 𝑻𝑮𝒂𝒄
𝑵  
Difference with 
𝑻𝑮𝒂𝒄  
# % # % 
Site 1 3 3 0 0.00 6 3 100.00 
Site 2 2 3 1 50.00 9 7 350.00 
Site 3 5 3 -2 -40.00 3 -2 -40.00 
Site 4 9 3 -6 -66.67 6 -3 -33.33 
Site 5 6 3 -3 -50.00 5 -1 -16.67 
Site 6 1 3 2 200.00 2 1 100.00 
Site 7 1 3 2 200.00 1 0 0.00 
Site 8 0 3 3 300.00 9 9 900.00 
Site 9 1 3 2 200.00 1 0 0.00 
Site 10 4 3 -1 -25.00 2 -2 -200.00 
Site 11 3 3 0 0.00 1 -2 -200.00 
Site 12 1 3 2 200.00 5 4 400.00 
Site 13 3 3 0 0.00 4 1 33.33 
Site 14 0 3 3 300.00 0 0 0.00 
Site 15 2 3 1 50.00 5 3 150.00 
Average 2.73 3.00   3.93   
Coefficient of 
Variation 
0.90 0.00   0.72   
 
Figure 5.10 also illustrates the results of the two models compared to the trip 
generation values that were utilised to calibrate the models. It should be noted that the 
sites were placed in a descending order in terms of actual 𝑻𝑮𝒂𝒄 in order to identify any 
systematic over or underestimation. 
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Figure 5.10. LDCCs’ active transport trip generation based on the number of children  
In addition, the result of the TSKS test for 𝑻𝑮𝒂𝒄
𝑪  model and 𝑻𝑮𝒂𝒄 show that at 
the 0.05 level of significance, the critical value is 0.284 while the statistic value is 0.276. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒂𝒄
𝑵  
model and 𝑻𝑮𝒂𝒄 are 0.268 and 0.161 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, the distributions of the results 
from both models are not same as the distribution of the trip generation values that were 
utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation to an accurate level. 
However, the 𝑻𝑮𝒂𝒄
𝑵  model shows higher R2. Instead, the 𝑻𝑮𝒂𝒄
𝑪  model provided a fixed 
result for all cases and approximately half of the results of the 𝑻𝑮𝒂𝒄
𝑪  model (i.e. 8 out of 
15) are closer to the trip generation values that were utilised to calibrate the models. This 
might be as a result of the actual trip generation values associated with active transport 
being relatively low and the constant results of the 𝑻𝑮𝒂𝒄
𝑪  model are close to those actual 
trip generation values (i.e. the results from this model would not be necessarily close to 
the actual trip generation values if there is high active trip generation associated with the 
LDCC). For this reason, it is not possible to conclude which model provides better 
performance. 
5.4.3 Non-car Transport Trip Generation per Staff (TGns) 
This model estimates trips generated by LDCC that used non-car transport (n) as 
their mode of transport (i.e. bicycle, walking or public transport) based on the number of 
LDCC staff. 
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Model Based on the Proposed New Approach ( 𝑻𝑮𝒏𝒔
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of Residents’ Weighted 
Average of Age times Gender Ratio (i.e. A×G) as the demographic variable, together 
with the function of one over Average Household Income (i.e. 1/HI) as the 
socioeconomic variable and the function of one over Residential Density to Non-
Residential Density Ratio times Population Density (i.e. 1/R×P) as the urban form 
variable, provided the best multiple regression equation with the R
2
 of 0.454. Table 5.34 
shows the results associated with the regression model with the above-mentioned 
independent variables for estimating non-car transport trip generation of LDCCs, based 
on one staff member. 
Table 5.34 
Specification of Non-car Transport Trip Generation per Staff Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒏𝒔
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 5.229 2.829 1.848 0.092 
A×G -0.115 0.063 -1.842 0.093 
1/HI -1423.598 922.972 -1.542 0.151 
1/R×P 383.314 184.418 2.079 0.062 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒏𝒔
𝑵  0.674 0.454 0.305 0.42183 
 
Consequently, the final model for the estimation of the total non-car transport trip 
generation at the same time, based on the proposed new approach for modelling trip 
generation, was as follows where (s) is LDCC’s number of staff: 
 
𝑻𝑮𝒏𝒔
𝑵  = (-0.115 A×G – 1423.598/HI + 383.314/R×P + 5.229) × s           Equation 5.23 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒏𝒔
𝑪  ) 
This model used Number of Staff (s) as the independent variable to develop the 
model based on the currently used method of trip generation estimation. Table 5.35 
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shows the results associated with the regression model for estimating non-car transport 
trip generation of LDCCs, based on their number of staff. 
Table 5.35 
Specification of Non-car Transport Trip Generation Model based on the Number of Staff (Current 
Method) 
Dependent Variable 𝑻𝑮𝒏𝒔
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 2.290 1.219 1.878 0.083 
s 0.047 0.061 0.766 0.457 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒏𝒔
𝑪  0.208 0.043 -0.030 2.66870 
 
Consequently, the final model for the estimation of non-car transport trip 
generation per LDCC staff, based on the currently used method of trip generation 
estimation, was as follows: 
 
𝑻𝑮𝒏𝒔
𝑪  = 0.047 s + 2.29                                                                                   Equation 5.24 
 
Comparison of ( 𝑻𝑮𝒏𝒔
𝑵  ) and ( 𝑻𝑮𝒏𝒔
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the proposed new approach for modelling trip generation is better fitted to the data 
that used for model calibration with higher R
2
 equal to 0.454. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.23 and Equation 5.24. Subsequently, the results were compared with the trip 
generation values that were utilised to calibrate the models.  
Table 5.36 shows the results of the trip generation estimation based on the 
developed models and their differences with the actual trip generation values. It is noted 
that the difference between 𝑻𝑮𝒏𝒔
𝑵  and 𝑻𝑮𝒏𝒔 ranged between 11 and -4 trip while the 
difference between 𝑻𝑮𝒏𝒔
𝑪  and 𝑻𝑮𝒏𝒔 was from 3 to -6 trip.  
It should be noted that in Table 5.36, in order for ease of comparison, the lesser 
of the two absolute differences between models is highlighted in bold, and where models 
have the same difference, highlighted in italics. 
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Table 5.36 
Non-car Transport Trip Generation Estimation based on the Number of Staff 
Site Number 𝑻𝑮𝒏𝒔 𝑻𝑮𝒏𝒔
𝑪  
Difference with 
𝑻𝑮𝒏𝒔 𝑻𝑮𝒏𝒔
𝑵  
Difference with 
𝑻𝑮𝒏𝒔  
# % # % 
Site 1 4 4 0 0.00 10 6 150.00 
Site 2 4 4 0 0.00 14 10 250.00 
Site 3 7 4 -3 -42.86 4 -3 -42.86 
Site 4 9 3 -6 -66.67 5 -4 -44.44 
Site 5 9 4 -5 -55.55 7 -2 -22.22 
Site 6 2 3 1 50.00 3 1 50.00 
Site 7 2 3 1 50.00 2 0 0.00 
Site 8 0 4 4 400.00 11 11 1100.00 
Site 9 1 3 2 200.00 1 0 0.00 
Site 10 4 3 -1 -25.00 1 -3 -75.00 
Site 11 4 3 -1 -25.00 1 -3 -75.00 
Site 12 3 5 2 66.67 11 8 266.67 
Site 13 3 3 0 0.00 4 1 33.33 
Site 14 0 3 3 300.00 0 0 0.00 
Site 15 2 3 1 50.00 9 7 350.00 
Average 3.60 3.47   5.53   
Coefficient of 
Variation 
0.78 0.18   0.81   
 
Figure 5.11 also illustrates the results of the two models compared to the trip 
generation values that were utilised to calibrate the models. It should be noted that the 
sites were placed in descending order in terms of actual  𝑻𝑮𝒏𝒔 in order to identify any 
systematic over or underestimation. 
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Figure 5.11. LDCCs’ non-car transport trip generation based on the number of staff  
In addition, the result of the TSKS test for 𝑻𝑮𝒏𝒔
𝑪  model and 𝑻𝑮𝒏𝒔 show that at 
the 0.05 level of significance, the critical value is 0.256, while the statistic value is 0.245. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒏𝒔
𝑵  
model and 𝑻𝑮𝒏𝒔 are 0.231 and 0.135 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, the distributions of the results 
from both models are not same as the distribution of the trip generation values that were 
utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation at an accurate level. 
However, the 𝑻𝑮𝒏𝒔
𝑵  model shows higher R2. Instead, the 𝑻𝑮𝒏𝒔
𝑪  model provided almost 
fixed results in most cases and approximately half of the results of the 𝑻𝑮𝒏𝒔
𝑪  model (i.e. 8 
out of 15) are closer to the trip generation values that were utilised to calibrate the 
models. This might be as a result of the actual trip generation values associated with non-
car transport being relatively low and the almost constant results of the 𝑻𝑮𝒏𝒔
𝑪  model 
being close to those actual trip generation values (i.e. the results from the model would 
not be necessarily close to the actual trip generation values if there is high non-car trip 
generation associated with the LDCC). For this reason, it is not possible to conclude 
which model provides better performance. 
5.4.4 Non-car Transport Trip Generation per Child (TGnc) 
This model estimates trips generated by LDCC that used non-car transport (n) as 
their mode of transport (i.e. bicycle, walking or public transport) based on the number of 
LDCC children. 
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Model Based on the Proposed New Approach ( 𝑻𝑮𝒏𝒄
𝑵  ) 
A comparison among the models, developed by using socioeconomic, 
demographic and urban form variables, shows that the function of Residents’ Weighted 
Average of Age times Gender Ratio (i.e. A×G) as the demographic variable, together 
with the function of one over Average Household Income (i.e. 1/HI) as the 
socioeconomic variable and the function of one over Residential Density to Non-
Residential Density Ratio times Population Density (i.e. 1/R×P) as the urban form 
variable, provided the best multiple regression equation with the R
2
 of 0.364. Table 5.37 
shows the results associated with the regression model with the above-mentioned 
independent variables for estimating non-car transport trip generation of LDCCs based 
on one child.  
Table 5.37 
Specification of Non-car Transport Trip Generation per Child Model (Proposed Method) 
Dependent Variable 𝑻𝑮𝒏𝒄
𝑵     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 0.730 0.440 1.660 0.125 
A×G -0.015 0.010 -1.572 0.144 
1/HI -204.980 143.553 -1.428 0.181 
1/R×P 46.737 28.683 1.629 0.131 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒏𝒄
𝑵  0.603 0.364 0.190 0.06561 
 
Consequently, the final model for the estimation of the total non-car transport trip 
generation at same time based on the proposed new approach for modelling trip 
generation was as follows where (c) is LDCC’s number of children: 
 
𝑻𝑮𝒏𝒄
𝑵  = (-0.015 A×G – 204.98/HI + 46.737/ R×P + 0.73) × c                   Equation 5.25 
 
Model Based on the Currently Used Method ( 𝑻𝑮𝒏𝒄
𝑪  ) 
This model used Number of Children (c) as the independent variable to develop 
the model based on the currently used method of trip generation estimation. Table 5.38 
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shows the results associated with the regression model for estimating non-car transport 
trip generation of LDCCs, based on their number of children. 
Table 5.38 
Specification of Non-car Transport Trip Generation Model based on the Number of Children (Current 
Method) 
Dependent Variable 𝑻𝑮𝒏𝒄
𝑪     
     
Independent 
Variables 
Coefficient Std. Error t Significance 
(constant) 1.788 1.559 1.147 0.272 
c 0.020 0.022 0.907 0.381 
     
Model R R
2
 
Adjusted 
R
2
 
Std. Error of the 
Estimate 
𝑻𝑮𝒏𝒄
𝑪  0.244 0.060 -0.013 2.64577 
 
Consequently, the final model for the estimation of non-car transport trip 
generation per LDCC children based on the currently used method of trip generation 
estimation was as follows: 
 
𝑻𝑮𝒏𝒄
𝑪  = 0.02 c + 1.788                                                                                  Equation 5.26 
 
Comparison of ( 𝑻𝑮𝒏𝒄
𝑵  ) and ( 𝑻𝑮𝒏𝒄
𝑪  ) 
An initial observation of the results of both models shows that the model based 
on the proposed new approach for modelling trip generation is better fitted to the data 
that used for model calibration with higher R
2
 equal to 0.364. 
Trip generation estimation of the surveyed sites was also calculated based on 
Equation 5.25 and Equation 5.26. Subsequently, the results were compared with the trip 
generation values that were utilised to calibrate the models. Table 5.39 shows the results 
of the trip generation estimation based on the developed models and their differences 
with the actual trip generation values. It is noted that the difference between 𝑻𝑮𝒏𝒄
𝑵  
and 𝑻𝑮𝒏𝒄 ranged between 10 and -3 trip while the difference between 𝑻𝑮𝒏𝒄
𝑪  and 𝑻𝑮𝒏𝒄 
was from 4 to -6 trip.  
It should be noted that in Table 5.39, in order for ease of comparison, the lesser 
of the two absolute differences between models is highlighted in bold, and where models 
have the same difference, highlighted in italics. 
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Table 5.39 
Non-car Transport Trip Generation Estimation based on the Number of Children 
Site Number 𝑻𝑮𝒏𝒄 𝑻𝑮𝒏𝒄
𝑪  
Difference with 
𝑻𝑮𝒏𝒄 𝑻𝑮𝒏𝒄
𝑵  
Difference with 
𝑻𝑮𝒏𝒄  
# % # % 
Site 1 4 4 0 0.00 7 3 75.00 
Site 2 4 4 0 0.00 11 7 175.00 
Site 3 7 4 -3 -42.86 6 -1 -14.29 
Site 4 9 3 -6 -66.67 6 -3 -33.33 
Site 5 9 4 -5 -55.55 7 -2 -22.22 
Site 6 2 3 1 50.00 3 1 50.00 
Site 7 2 3 1 50.00 2 0 0.00 
Site 8 0 4 4 400.00 10 10 1000.00 
Site 9 1 3 2 200.00 2 1 100.00 
Site 10 4 3 -1 -25.00 3 -1 -25.00 
Site 11 4 3 -1 -25.00 2 -2 -50.00 
Site 12 3 5 2 200.00 7 4 133.33 
Site 13 3 4 1 33.33 5 2 66.67 
Site 14 0 3 3 300.00 1 1 100.00 
Site 15 2 3 1 50.00 6 4 200.00 
Average 3.60 3.53   5.20   
Coefficient of 
Variation 
0.78 0.18   0.58   
 
Figure 5.12 also illustrates the results of the two models compared to the trip 
generation values that were utilised to calibrate the models. It should be noted that the 
sites were placed in descending order in terms of actual 𝑻𝑮𝒏𝒄 in order to identify any 
systematic over or underestimation. 
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Figure 5.12. LDCCs’ non-car transport trip generation based on the number of children  
In addition, the result of the TSKS test for 𝑻𝑮𝒏𝒄
𝑪  model and 𝑻𝑮𝒏𝒄 shows that at 
the 0.05 level of significance, the critical value is 0.256 while the statistic value is 0.253. 
Similarly, the critical value and the statistic value of the TSKS test associated with 𝑻𝑮𝒏𝒄
𝑵  
model and 𝑻𝑮𝒏𝒄 are 0.235 and 0.119 respectively at the 0.05 level of significance. Since 
the results from both tests show that the critical value is higher than the statistic value, 
the null hypothesis is rejected for both tests. As a result, the distributions of the results 
from both models are not same as the distribution of the trip generation values which 
were utilised to calibrate the models.  
Overall, both models are not able to estimate trip generation at an accurate level. 
However, the 𝑻𝑮𝒏𝒄
𝑵  model shows higher R2. Instead, the 𝑻𝑮𝒏𝒄
𝑪   model provided almost 
fixed results in most cases and approximately half of the results of the 𝑻𝑮𝒏𝒄
𝑪  model (i.e. 7 
out of 15) are closer to the trip generation values that were utilised to calibrate the 
models. This might be as a result of the actual trip generation values associated with non-
car transport being relatively low and the almost constant results of the 𝑻𝑮𝒏𝒄
𝑪  model 
being close to those actual trip generation values (i.e. the results from the model would 
not be necessarily close to the actual trip generation values if there is high non-car trip 
generation associated with the LDCC). For this reason, it is not possible to conclude 
which model provides better performance.  
5.5 THE PROPOSED NEW METHOD COMPARE TO THE 
CONVENTIONAL METHOD 
A careful consideration of the results from the developed models show that the 
R
2
 associated with the models, based on the proposed new approach for modelling trip 
generation were higher for almost all models except for the models estimating private 
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car trip generation of LDCC land use development type. This might be a result of there 
not being enough non-car trip generation to develop statistically viable models for any 
given site. 
In addition, using the number of children as the LDCC’s indicator provides 
models with better performance for estimating trip generation (for both the proposed 
new method and the currently used method of trip generation estimation) compared to 
the use of number of staff associated with LDCCs. 
The estimated trip generations from each model were also compared with the 
actual trip generation data by undertaking TSKS test. The results of the TSKS tests show 
that the distributions of the results from all models (i.e. the models based on the 
proposed new approach for modelling trip generation as well as the models based on the 
currently used method of trip generation estimation) are not the same as the distribution 
of the trip generation values which were utilised to calibrate the models. 
In terms of private car trip generation estimation, the models based on the 
currently used method of trip generation estimation show higher R
2
. However, 
approximately two-thirds of the results of the models based on the proposed new 
approach for modelling trip generation (i.e. 𝑻𝑮𝒑𝒔
𝑵  and 𝑻𝑮𝒑𝒄
𝑵 ) provide closer results to the 
actual trip generation values. In addition, the difference between those models and 𝑻𝑮𝒑𝒔 
shows smaller variation compared to the models developed based on the currently used 
method for estimating trip generation. 
With respect to public transport, the models based on the proposed new approach 
for modelling trip generation (i.e. 𝑻𝑮𝒕𝒔
𝑵  and 𝑻𝑮𝒕𝒄
𝑵 ) show higher R
2
. Furthermore, 
approximately two-thirds of the results of those models were exactly similar to the trip 
generation values used for model development. In comparison, approximately one-third 
of the results of the models based on the proposed new approach for modelling trip 
generation (i.e. 6 out of 15) were exactly similar to the actual trip generation values. 
Similar to the models associated with public transport, the models associated 
with cycling, based on the proposed new approach for modelling trip generation (i.e. 
𝑻𝑮𝒃𝒔
𝑵  and 𝑻𝑮𝒃𝒄
𝑵 ), also show higher R
2
. In addition, approximately two-thirds of the 
results of those models provided correct results (i.e. 11 out of 15 for the 𝑻𝑮𝒃𝒔
𝑵  model and 
10 out of 15 for the 𝑻𝑮𝒃𝒄
𝑵  model). Instead, the models based on the currently used 
method for estimating trip generation (i.e. 𝑻𝑮𝒃𝒔
𝑪  and 𝑻𝑮𝒃𝒄
𝑪 ) provided a fixed result for all 
cases. 
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Again, the models associated with walking, based on the proposed new approach 
for modelling trip generation (i.e. 𝑻𝑮𝒘𝒔
𝑵  and 𝑻𝑮𝒘𝒄
𝑵 ), also show higher R
2
. Instead, the 
models based on the currently used method for estimating trip generation (i.e. 𝑻𝑮𝒘𝒔
𝑪  
and 𝑻𝑮𝒘𝒄
𝑪 ) provided a fixed result for all cases, while the results from those models are 
closer to the actual trip generation values. This might be a result of the actual trip 
generation values associated with walking being relatively low and the constant result of 
the 𝑻𝑮𝒘𝒔
𝑪  and 𝑻𝑮𝒘𝒄
𝑪  models being close to those actual trip generation values (i.e. the 
results from those models would not be necessarily close to the actual trip generation 
values if there is high walking trip generation associated with the LDCC). 
In terms of the models associated with active transport, the models based on the 
proposed new approach for modelling trip generation (i.e. 𝑻𝑮𝒂𝒔
𝑵  and 𝐓𝐆𝐚𝐜
𝐍 ) show higher 
R
2
. Instead, the models based on the currently used method for estimating trip generation 
(i.e. 𝑻𝑮𝒂𝒔
𝑪  and 𝑻𝑮𝒂𝒄
𝑪 ) provided a fixed result for all cases, while approximately two-
thirds of the results from those models are closer to the actual trip generation values (i.e. 
9 out of 15 for the 𝑻𝑮𝒂𝒔
𝑪  model and 8 out of 15 for the 𝑻𝑮𝒂𝒄
𝑪  model). Similar to walking, 
this might be a result of the actual trip generation values associated with active transport 
being relatively low and the constant result of the 𝑻𝑮𝒂𝒔
𝑪  and 𝑻𝑮𝒂𝒄
𝑪  models being close to 
those actual trip generation values (i.e. the results from those models would not be 
necessarily close to the actual trip generation values if there is high active trip generation 
associated with the LDCC). 
Finally, the models associated with non-car transport based on the proposed new 
approach for modelling trip generation (i.e. 𝑻𝑮𝒏𝒔
𝑵  and 𝑻𝑮𝒏𝒄
𝑵 ) show higher R
2
. Instead, 
the models based on the currently used method for estimating trip generation (i.e. 𝑻𝑮𝒏𝒔
𝑪  
and 𝑻𝑮𝒏𝒄
𝑪 ) provided almost fixed results for all cases, while approximately half of the 
results from those models are closer to the actual trip generation values (i.e. 8 out of 15 
for the 𝑻𝑮𝒏𝒔
𝑪  model and 7 out of 15 for the 𝑻𝑮𝒏𝒄
𝑪  model). Again, this might be as a result 
of the actual trip generation values associated with non-car transport being relatively low 
and the almost constant result of the 𝑻𝑮𝒏𝒔
𝑪  and 𝑻𝑮𝒏𝒄
𝑪  models being close to those actual 
trip generation values (i.e. the results from those models would not be necessarily close 
to the actual trip generation values if there is high non-car trip generation associated with 
the LDCC). 
Overall, with the consideration of the above discussions, it can be concluded that 
models, based on both the proposed new method for modelling trip generation and the 
Chapter 5:  Model Calibration  
Amir Mousavi Page 148 
currently used methods for trip generation estimation, are not able to estimate trip 
generation at an accurate level. However, the proposed new method for modelling trip 
generation provides relatively better performance compared to the models based on the 
conventional methods for trip generation estimation. 
5.6 SUMMARY 
A total of twelve multiple regression equations were developed, based on the 
proposed new approach for modelling trip generation to estimate the hourly trip 
generation for morning peak period of LDCC land use development type within the 
metropolitan region of Hobart, Australia. Another twelve models were also developed, 
based on the commonly used method for trip generation estimation for use in TIAs in 
order to evaluate the performance of the above-mentioned models. The estimated trip 
generation from each model were then compared with the actual trip generation data, to 
evaluate whether the proposed new approach for modelling trip generation or the models 
based on the currently used method of trip generation estimation will lead to more 
accurate results, those which are closer to reality. 
A careful consideration of the results from the developed models shows that the 
proposed new method for modelling trip generation provides relatively better 
performance. However, the models based on the conventional methods for trip 
generation estimation present acceptable results in some cases. 
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6Chapter 6:  Conclusion 
This chapter summarises the findings of this research and draws conclusions and 
future directions. First, a summary of the thesis chapters is presented. Second, 
contributions to knowledge of this research are highlighted. Third, the limitations of this 
research are discussed. Thereafter, the significance of this research is presented. Finally, 
recommendations for future research on this topic are provided. 
6.1 SUMMARY OF THIS THESIS 
This thesis presented the proposed new approach for modelling trip generation 
for use in Transport Impact Assessments (TIAs). A summary of each chapter is 
presented below in logical sequence.  
Chapter 1 established research objectives to fulfil the research aim of “finding a 
new approach for traffic generation estimation of land use types by developing a model 
that combines trip generation and mode choice, with consideration to the effect of trip 
chaining, in order to provide more accurate results for use in TIAs”. Thereafter, the 
scope of the research was specified.  
Chapter 2 provided an extensive literature review to reveal knowledge gaps in 
travel Demand Forecasting Models (DFMs), focusing specifically on Trip Generation 
Models (TGMs), Mode Choice Models (MCMs) and trip chaining behaviour, to address 
research goals identified in Chapter 1. This chapter identified that chaining of trips has 
direct effects on both trip generation and mode choice. In fact, the complexity of a tour 
have a negative influence on the choice of using mass transit, while it has a positive 
impact on the probability of choosing auto. It also identified that socioeconomic, 
demographic, and urban form characteristics are influential in all of the trip generation, 
mode choice, and trip chaining models, while multiple regression analysis is the only 
model structure which can be applied for all of these models. Accordingly, independent 
variables associated with the above-mentioned characteristics, together with multiple 
regression analysis as the model structure, are selected to be employed for model 
development. 
Chapter 3 explained the methodology to conduct a stakeholder organisations 
survey, in response to Research Question 5, in order to establish Australian traffic and 
Chapter 6:  Conclusion  
Amir Mousavi Page 150 
transport professionals’ perceptions about trip chaining and its interaction with trip 
generation as well as the most affected land use type, by trip chaining topic. In particular, 
this chapter described the results from the survey which lead to the selection of a land 
use development type with the most effect on trip chaining for model development. It 
was identified that child care centres are the most prevalent land uses subject to trip 
chaining, in terms of TIA. This chapter also recognised that Australia is suffering from a 
shortage of data reflecting trip generation for use in TIA.  In addition, the results of the 
survey suggest that Australia should move toward establishing a National Trip 
Generation Database (NTGD) with a centralised responsible organisation for collecting 
and publishing trip generation data based on Federal and State Governments’ 
contribution for funding.  
Chapter 4 discussed the applied model structure and data collection in this 
research. Multiple regression equations were considered to be developed for Long Day 
Care Centre (LDCC) land use development type, in order to estimate the hourly trip 
generation of LDCCs for morning peak period. The independent variables to the model 
were considered to be a function of socioeconomic, demographic and urban form-related 
indicators, while trip generation per unit of the site indicator associated with a mode of 
transport was used as the dependent variable for model development. Considering these 
aspects together, Chapter 4 concluded by identifying the model equation and the 
associated variables for model development.  
Chapter 5 described the development of multiple regression equations based on 
the proposed new approach for modelling trip generation to estimate the hourly trip 
generation for morning peak period of LDCC land use development type within the 
metropolitan region of Hobart, Australia. Other models were also developed based on 
the commonly used method for trip generation estimation for use in TIAs in order to 
evaluate the performance of the models based on the proposed new approach for 
modelling trip generation. The estimated trip generation from each model was then 
compared with the actual trip generation data, to evaluate whether the proposed new 
approach for modelling trip generation, or the models based on the currently used 
method of trip generation estimation, will lead to more accurate results that are closer to 
reality.  
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6.2 CONTRIBUTIONS TO KNOWLEDGE 
The research’s contributions to knowledge include the following, which may 
have theoretical and/or practical significance to the area of trip generation estimation for 
use in TIAs. 
 This research provided an in-depth and comprehensive literature review of 
travel DFMs, focusing specifically on TGMs and MCMs as well as trip 
chaining effects on these models. The outcome of this literature review 
provides useful references for relevant future works. 
 This research also provided an evidence-based recognition to the importance 
of the trip chaining effects on trip generation estimation. A precise 
consideration on the Stakeholder Organisations’ survey results shows that 
trip chaining effects should be recognised appropriately when estimating trip 
generation, particularly for child care centres and schools, as well as for 
retail and commercial land uses. The survey results also identified the most 
prevalent land uses subject to trip chaining. This is an important finding 
since previous studies have focused on travellers’ behaviour and the 
individual’s activities, rather than land use types.  
 In the conventional trip generation estimation method for use in TIAs, auto 
trip generation rates are usually employed in TIAs rather than applying 
MCMs. The interaction between trip generation and trip chaining has also 
not been considered in TMGs for use in TIAs, while the application of a 
percentage of the total number of trips generated by a site as the pass-by 
trips is the common approach for the consideration of trip chaining effects 
on trip generation in a TIA. Instead, this research developed a model for 
each mode of transport, which is able to estimate non-chained trips 
generated by a land use development type.   
 Unlike similar studies in trip generation estimation for use in TIAs, this 
research experimented the use of socioeconomic, demographic and urban 
form-related indicators as the independent variables to the model instead of 
the commonly used specific land use elements such as Gross Floor Area 
(GFA) of the development. While both models (i.e. the one based on the 
proposed new approach for modelling trip generation as well as the one 
based on the commonly used method for trip generation estimation for use 
in TIAs) are not able to estimate trip generation in an accurate level, it can 
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be concluded that the proposed new method for modelling trip generation 
provides relatively better performance, compared to the models based on the 
conventional methods for trip generation estimation. 
 Results from this research show that each mode of transport has its own best 
fitted independent variables associated with each of the socioeconomic, 
demographic and urban form-related indicators in order to develop a model 
for estimating trip generation, based on the proposed new approach for trip 
generation modelling. This might be as a result of the differences of mode 
features. For this reason, this new method for estimating trip generation can 
be significant in providing a suitable tool to examine each variable’s 
sensitivity and in helping decision makers to develop new policies based on 
the variable’s sensitivity. 
 Results from this research also show that the proposed new approach for 
modelling trip generation is able to reflect the impact of socioeconomic, 
demographic and urban form differentiations among suburbs on trip 
generation estimation. For this reason, it is envisaged that the trip generation 
estimation models, which are developed based on the proposed new 
approach for modelling trip generation, will not change during the time. 
Consequently, it is not necessary to conduct a specific data collection survey 
to update the trip generation estimation models. Instead, data associated with 
the independent variables should be updated during the time, which can be 
derived from other survey results. This will reduce the need for making 
frequent surveys for each land use type and will provide saving in time and 
in budget in terms of providing data, related to trip generation.  
6.3 LIMITATIONS 
There were a number of limitations related to this research. The following 
limitations of this research, if addressed, could further improve the performance of the 
models developed, based on the proposed new approach for modelling trip generation. 
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1) The socioeconomic, demographic, and urban form characteristics were 
employed as the independent variables to develop the models based on 
the proposed new approach for modelling trip generation. However, other 
variables such as weather, trip characteristics, mode features and the like, 
were also considered in TGMs, MCMs, and trip chaining behaviour 
models by researchers. It is expected that the models, developed based on 
the proposed new approach for modelling trip generation, would provide 
more accurate results that are closer to reality if other variables were 
included to the model variables. 
2) Information from 2011 Census Data was employed to form 
socioeconomic and demographic related variables while data collection 
associated with the 15 selected LDCCs was conducted in 2013. This two-
year delay in data collection associated with LDCCs may cause bias on 
the results of the models, as there might be some changes in 
socioeconomic and demographic characteristics during these two years. 
However, it is expected that the impact of these changes are not 
significant.  
3) Linear regression analysis was applied to model trip generation for the 
LDCC land use development type in this research. However, other 
regression analysis types (e.g. log-linear regression) may be able to 
provide an improved model for trip generation estimation for the LDCC 
land use development type. 
4) The effect of trip chaining was considered by isolating the trip generation 
which the LDCC was the primary purpose of the trip due to the fact that 
only the non-chained trips constitute the additional traffic on the adjacent 
roadways while other effects of trip chaining, such as pass-by trips and 
diverted linked trips, have not been examined in this research. Those 
effects should be examined through future research. 
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5) Due to time and budget constraints, only one land use development type 
(i.e. LDCC) was examined in this research. The sample size for model 
development was also limited, due to the limited available LDCC 
developments within the study area. However, it is preferred that similar 
models for other land use types with higher sample size be developed, 
based on the proposed new approach for modelling trip generation. This 
will distinguish whether independent variables are unchanged among the 
models associated with different land use types. 
6) The study area was limited to the metropolitan region of Hobart, 
Australia, due to time and budget constraints. However, similar models 
based on the proposed new approach for modelling trip generation are 
required to be developed for other cities, in order to validate the models. 
This can also provide a basis to examine whether such models for trip 
generation estimation are transferable among cities. 
6.4 RESEARCH SIGNIFICANCE  
Findings from this research will assist transport professionals to better assess the 
transport impacts of new development proposals.  
From a theoretical point of view, this research is significant in that it provides an 
evidence-based recognition that the proposed socioeconomic, demographic and urban 
form indices in a suburb scale are able to be employed as traffic/transport attributes in 
other traffic and transport-related studies. The application of such a methodology will 
provide a useful tool for traffic and transport professionals to undertake sensitivity 
studies in order to gain a better understanding about the impact of a specific 
socioeconomic, demographic and urban form characteristic on a particular traffic 
demand attribute. 
On the other hand, the practical significance of this research is that it provides 
relatively better results in terms of trip generation estimation for new land developments 
while it decreases the processing cost and time in TIA dramatically, as the index matrix 
should be updated from time to time instead of formula update. 
Overall, the benefits derived from findings of this research can be outlined as 
follows: 
 Theoretical significances: 
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o It provides an evidence-based recognition to the importance of the trip 
chaining effects on trip generation estimation; 
o It introduces a new method for modelling trip generation considering 
socioeconomic, demographic and urban form variables; 
o It will provide a suitable tool to examine each variable’s sensitivity; 
o It will help decision makers to develop new policies based on the 
variable’s sensitivity; 
o The variables can be used as traffic/transport attributes in other traffic 
and transport-related studies; 
o The methodology of this research can be transferred to other transport 
modelling endeavours.  
 Practical significances: 
o Relatively better results in terms of trip generation estimation for new 
land developments; 
o There will be less need to make frequent surveys for each land use type;  
o Less professional judgement will be needed in terms of trip generation 
estimation; 
o The index matrix should be updated from time to time instead of formula 
update; 
o Data for the index matrix update can be derived from other survey results 
(it is not necessary to conduct a specific data collection survey to update 
the index matrix); 
o Saving in time and in budget in terms of providing data related to trip 
generation. 
The application of the proposed new method will provide relatively better results 
for estimating trip generation in TIAs by reflecting the impact of socioeconomic, 
demographic and urban form differentiations among suburbs on trip generation 
estimation. However, policies, standards and guidelines associated with the preparation 
of TIAs need to be amended, to allow practitioners to use this new method for trip 
generation estimation for use in TIAs. Local governments’ planning schemes should also 
be amended such that trip generation is considered as one of the definite requirements 
for local land use planning initiatives. 
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6.5 RECOMMENDATION FOR FUTURE RESEARCH 
This research focused on the introduction of a new approach for modelling trip 
generation for use in TIAs. There are some areas for further studies that still need to be 
investigated. The most significant areas for further research are as below: 
1) In this research, the effect of trip chaining was considered in the model 
by isolating non-chained trips generated by LDCCs for use in TIAs. 
However, chained trips can have other impacts in terms of driveway 
movements, localised diversions and parking impacts which have not 
been examined in this research. Those impacts should be examined 
through future research. 
2) According to the literature review undertaken for this research (Chapter 
2), the socioeconomic, demographic, and urban form characteristics were 
employed as the independent variables to develop the models based on 
the proposed new approach for modelling trip generation, because they 
are the commonly used variables in all of the trip generation, mode 
choice, and trip chaining stages. However, other variables such as 
weather, trip characteristics, mode features and the like were also 
considered in TGMs, MCMs, and trip chaining behaviour models by 
researchers while those variables were not tested in this research. This 
research can be expanded further to develop models based on the 
proposed new approach for modelling trip generation by using those 
variables examined in the literature, in conjunction with the variables 
applied in this research. 
3) Based on the findings from the literature review associated with this 
research (refer to section 2.3), linear regression analysis was applied to 
model trip generation in this research. However, other modelling 
techniques (e.g. non-linear regression) may be able to provide an 
improved model for trip generation estimation. This research can be 
expanded further to develop models based on the proposed new approach 
for modelling trip generation by using other modelling techniques in 
conjunction with the variables applied in this research. 
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4) This research developed models based on the proposed new approach for 
modelling trip generation for only one land use development type (i.e. 
LDCC), due to time and budget constraints. Further model development 
for other land use types should be conducted, based on the proposed new 
approach for modelling trip generation to distinguish whether 
independent variables are unchanged among the models associated with 
different land use types. 
5) The metropolitan region of Hobart, Australia, was used as the case study 
area for this research. In addition, the socioeconomic, demographic and 
urban form-related information in a suburb scale was used for calculating 
the independent variables for the purpose of this research, in order to 
show the special differentiation of the transport features. It would be 
worthwhile to develop similar models, based on the proposed new 
approach for modelling trip generation, as an opportunity for other cities 
to recognise whether such models for trip generation estimation are 
transferable among cities.  
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Appendix B: Mode Choice and Trip Chaining Survey Questionnaire 
 
Child Care Centre Survey – Users Questionnaire 
Child Care Centre Name:  
The Queensland University of Technology is conducting a research project to estimate the 
number of trips coming to Child Care Centres during the morning peak period. This information 
will ultimately help transport planners and agencies and provide improved transport facilities 
and services for users of Child Care Centres.  The research team requests your anonymous 
assistance to achieve a better understanding about travelling to Child Care Centres in the 
morning. You are invited to participate in this project because understanding your transport 
pattern will provide valuable data for the study. 
1) How do you usually come to the child care centre in the morning? 
 Private car/motorcycle 
 Public transport (including bus, train, and City Cat) 
 Walking (including pushing stroller/pram) 
 Cycling (including with child seat) 
2) When do you usually arrive at the child care centre in the morning? 
----------------  AM 
3) Is your trip to the child care centre usually the only reason for you to leave your 
home? 
 Yes 
 No 
4) Where do you usually go after leaving the Child Care Centre? 
 To work 
 To a shop 
 To a recreation centre 
 To home 
 Other – please specify:
 ___________________________________________________ 
5) How many person(s) are usually with you in this trip? 
Please specify number of person(s) (excluding yourself). 
-----------------  Adults 
-----------------  High School Students 
-----------------  Primary School Students 
-----------------  Infants (including day care) 
Thank you for helping with this research project.   
Please drop the completed form in the box provided at the reception within the following day. 
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Child Care Centre Survey – Centre’s General Information 
Child Care Centre Name:  
Address:  
  
Number of Employees:  
Number of Children in Care of Centre:  
Gross Floor Area (not including open 
spaces): 
 
Date of Survey:  
Number of Distributed Questionnaires:  
Number of Completed Questionnaires:  
Weather:  
 
 
 
